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Abitraat 

During the school year 1977/73 four computtrs equipped with LOGO and Turtle 
Qraphioi were Instilfsd in an elementiry school in Brookllnei Mass. All sixth grade 
studeiits in the school had between 20 and 40 hours of hands*>on experience with 
the oomputars. The work of 16 students was documented in detail 

The profilest written by the ylassroom teacher, ar^ discursive essays on the 
experiences of each of the sixteen experimental subjects. This illustrates the 
wide variety of learning styles and learning paths within the LOGO learning 
environment They are particularly useful for teachers who anticipate using LOGO 
with ehildr^n^ and offer a rich source of project ideas suitable for naive 
programmers. (See LOGO Memo 53 for Part II of this report) 



The worK reporttd in this piper wss eupporttd In part by the Nationil Science Foundition 
under grant number 77-i90S3SiS and conducted at the Artificial Intelligence Liboritoryp 
Misiachuietii Institute of Technology, Cambrldgef K^iiisiachuietts. The views and coneluiiohs 
contiined in this paper are those of the authors and shculd not be tnterpreted as necessarily 
representing the official policies, either expressed or Implied, of the Nitional Science 
Foundatlan or the United States Government. 
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INTRODUCTION 



In tms part of our report we present iiKtetn ieparate prefllat, 
describrng the LOGO experiences of each of our subjeots In ioma 
dataiL Each profila includes a statement of how tha child is 
percerved as a student in the rtgular academfc areat of the ichooli 
a description of "what the child learned" in the LOGO clasitip an 
analysis of each chiftfs particular ilrengthi afri problemi, and the 
particufar teaching strategies that were considered appropriate for 
each child In reading this material, one should bear in mind that the 
students' learnini took place m a project'Oriented setting and no 
at tempt was made to expc se all students to a "standard LOGO 
curriculum." Rather, the teacher Introduced new material to 
students on an fndrvjdual basiti and in a way which would be 
Integrated into their individual projects. Consequentlyi we 
observed different students concentrating on different aspects of 
LOGO, For example^ some organiied most of their learning 
experiences around, tha creation of free-form "emergent** designs, 
while others comentrated on elaborately planned projects. Most of 
the students- work related to computer graphlcsi but a few also 
undertook non^graphics projects. The siKteen studenti in our 
experimental sample spanned a wide range of interests, alMllties 
and cognitive styles. One of the strengths of this kind of LOGO 
learning environment is that it appealed to students across such a 
spectrum and provided a significant learning experience for each of 
them. 
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1. Albert 



Atbert li eonsidared to fat §n iv#rtgt itudant by hit teaehari. {His mQst 
raoant scares on fha itandtrdiiad teitt givtn to alt mnth gradars place him 
in the 51st peroantila nstionilly.) He is a qulati wall minnarsd student^ 
serious in hit work, and wail likad by hit dasimates. Whan asked queitlont 
about himielf or asked to explain his thinkinf, ha tends to respond with brief 
stetementsi or to be non-committal. 

Albert thoroughly enjoyed working with the compyterp and beoame deeply 
involved with computer activitioi at the very first clati. He rarely seemed 
to be at a loss or to need help In choosing an aotlvity. He was adept at 
moving the TURTLE around the screeni and using It t© draw simple pictures. 
Ha usually worked on his owni rarely asking for help, end often worked on e 
number of different small tasks during the eourse of a single class period* 
Although he did tackle a coupla of longer animition projectsi he seemed most 
comfortable with shorter tasks that he coyid cirry out without assistance. 
Albert concentrated on his own activities and seemed to be largely unaware 
of the work of other stydents. 

Although Albert was successful in driving the TURTLE and In carrying out 
many smaN projectSi he had difficulty using subprocedures and varlabteSi and 
in planning his work more than one step at a time. Within these limitations^ 
he himself was extremaly satisfiad with his workg and expressed a strong 
interest In continuing to work with computers next year. 



1*1 Albert^s work tn Turtle Gaometry 

Albert began his LC:50 exparlinct by "driving tha TURTLE" with great proficiency. 
In his first session of LOGOi Albart was able to use PENUP and PENOOWN to try 
out steps exparimantally. He raadlly used FORWARD/BACK, and RIGHT/LEFT as 
inverses^ estimatad distancas and diractionsi and iggragatad two forward steps 
into one (combining FORWARD 35 and FORWARD 23 Into one step by typing 
FORWARD 58). He made expart uia of 90 dagrae rotations to move the TURTLE 
Into parallel positions, and at one point used a 45 dagrae turn to create a 
diagonal line. 7^ 

in the third ciass he draw a complex ''faee'* using direct commandtp and spent the 
neKt two claiias writing and dabugging a langthy proeadura which drew the face, 
Aithough the teachar suggastad the usa of subprocadyriip Albart rejected the 



Idea, prefemng to work with a long saquentlsi procedure. 



TO KEITH 








1 C Dlf*UT Oft 


28 PENDOWN 




Is FORWAKO 6 


29 BACK 65 


3 RiGHT 90 


17 PENDOWN 


30 BACK 23 


4 FORWARD 4S 


IS LCIRCLE 12 


31 PENUP 


5 LEFT 90 


igPENUP 


32 RIGHT 90 


6 FORWARD 23 


20 FORWARD 15 


33 FORWARD 100 


7 PENDOWN 


21 PENDOWN 


34 FORWARD 23 


s RciRekE la 


22 RCIRCLE 13 


35 LEFT 90 


S PENUP 


23 PENUP 


36 FORWARD 45 


10 RIGHT 90 


25 FORWARD 45 


37 RIGHT 90 


1» FORWARD 5S 


26 RIGHT SO 


38 FORWARD 6 


12 FORWARD. 11 


27 FORWARD 50 


END 


13 BACK S 






14 BACK S 








Figure 1.1 

\n drswlng hli: fact, Albert used 90 degree turns to "drive the TURTLE" to 
diffarent locations on. the screen. This enabled him to keep the different features 
of the face ^allel to each other. On the other hand, the repeated us* of SO 
dogroe turns and imall TURTLE steps, made it difficult icr Albert contef^i* 

e 



his steps, or to understand tht purpose of etch step or series of steps in his 
proctdure. He drew his design by trial and error, and then Incorporated all the 
iteps Into a procedure by copying them Into his notebook. He did not copy 
exploratory steps which were cirried out with PENUP. Since some PEMUP steps 
were needed as part of his drawing, and others were exploratory, and not needed 
in the final design, Albert experienced some confusion In figuring out which steps 
to Include and which to eliminate. This led to bugs In his procedure, which were 
difficult for him to understand. 

Albert also had difficulty deciding whether to use a circle that curved to the right 
or to the left for the interior features of his face. He could get the TURTLE to 
the point where he wanted the eye drawn, but seemed unable to predict 
consistently whether the LCIRCLE or RCIRCLE command was needed to place the 
circle where he wanted It He would first try the sircle with PENUP, then repeat 
It with PENDOWN if It was right, or choose the reverse circle If It came out In the 
wrong place. This created more possibilities for copying errors and further 
complicated the process of debugging the final procedure. 

In the sessions that followed, Albert continued to move the TURTLE around the 
screen by creating a kind of "grid" composed of 90 degree turns. Albert made 
use of angles other than 90 degrees only when they were specifically needed for 
partlcul' • flhapes. 

In the sixth class, Albert decided to make a five pointed star. After several 
unsuccessful tries his teacher suggested that he use the REPEAT command, 
repeating a forward step and a turn five times, and then varying the angle to find 
the correct rotation. Starting at 60 degrees and using a mathod of sLiccesslve 
approximations. It took him seven tries to find the correct anglei he tried S% 
110, 15^, 140, 145, 143 and finally was successful with 144, For the last three 
steps, the teacher suggested that he hide the TURTLE each time, to see If the 
star was "exactly right". 

When Albert wrote his procedure TO STAR, he listed 10 separate staps, rather 
than using the REPEAT command he had used in his explorations. This was 
another Indication of his preference for linear, sequential procedures, rather than 
subprocedures. 



Albert 
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Turtit GeOTft»try 



TO STAR 

1 FORWARD 100 

2 RIGHT 144 

3 FORWARD 100 

4 RIGHT 144 

5 FORWARD iOO 

6 RIGHT 144 

7 FORWARD 100 
S RIGHT 144 

9 FORWARD 100 

10 RIGHT 144 
END 



In a latsr clats Albert dselded to have the computer draw his initials. His 
problems with this project illustrate his difficulty in understar^lng tha state of the 
TURTLE and the use of subprocedyres. He was encouraged to make an A and a J 
as separate figures and then write a subprocedure putting the two initlsif> 
togetheir. 

In Wng his A, Albert estimated by eye, getting a close approximation to 8 
symmatrical A. He first turned the TURTLE 20 degrees to the right, and mads the 
first leg of the A. He then used 144 degrees (borrowed from his stflr) for th^ 
vertex angle. <A rotation of 140 degretl w#uld have made an exactly 
symnietrieal A. The rest of the design remained fikewed at 4 degrees from the 
verticet and horizontal axes.) 

Although making the subprocedure J posed no great problem for Albert, putting 
the A aind the J together proved to be more difficult. Albert usually worked on a 
Turtle Geometry project by trying out all the steps first, and then copying thsm 
over to make a procedure. He used this approach for making both of the letters 
for his Initials, When he came to making a procedure to put them together 
however, he did not seem to realize that he could work in the same step-by-step 
manner, using the subprocedurefi, A and J as though they were direct commands. 
Instead he ^ote the proce^e first, then tested and debugged It. 

In addition to not realizing that he could use the A and J as though they were 
direct commands, Albert had difficulty realizing how the state of the TURTLE 
effected the pcsition of the J, Although he had an excellent grasp of the state of 
the TURTLE as it related to forward, back right and left commands, he, seemed to 
lose track of It as it related to a procedure — a combined sequence of commands, 
TNs was similar to the problem he ha^ in predicting where the RCIRCLE and 




LCIRCLE commindi would draw cartain faatur©^ ^^f Hn hem m an earlier project 



An analysisjsf Albert's separate prQcedurei to drtw/ an A and a J is shswii belaw. 
The TURTLE starts drawing the A at point L It finishes the A at point 2. It starts 
and finishes the J a* points 3 and 4 rfspectively <see figure In his work 
however, Albert se^^med unabb to take those TURTLE states into areount 




Figure 1,3 

It took Alb€:-t Favan tries to Mhieve his procedure MAME (a substitute for the 
desired title "NAME", an existing LOGO command). Although each try got closer to 
the desired resultj the whole approach tiimed devoid of planning, Figura L4^ on 
the next page, shows the sequence of Albert*s trials. The dotted line on tht left 
shows where the turtle moved before rrtakmg the J. 

1.2 Albert's Use of Procedures and Subprocedures 

Albert quickly understood basic TURTLE commands, and the idea of combining a 
string of TURTLE commands to write a procedure. As we have seeni he 
developed a strategy of trying out a sequtnce of diraet comminds, and,, if he liked 
the deslfni copying the entire list of co^t.^inds to make a procedure. Ha easily 
learned to edit proceduras to correct spelling or syntax errors and beciiiffe 
proficient with filing. On the other hand, Albert had difficulty dabugglnf^ 
procedures in which there were errors of substance rather than syntax. His 
programming workp often suffered from a stries of related confusions which will 
be described in detail below, 

--he failed to use step-by-step analysis of his pracedureff as a 
debugging tool; 



--he had difficulty understanding the role of subprocedures as separate 
entitlesi 
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Procedures 



Figura 1.4 




Procedures 



—he used both recursion and va-<ibles In a "mechanicar fashion, 
without really understanding hew they worl<ed. 

In the third class, Albert ustd th§ TURTLE to draw a rather involved "face" He 
eopled down more than 35 steps in writing a procedure called KEITH (See Figure 
1,1). When copying errors — the omission of two or three nicessary steps — 
led to bugs, Albert was unable to resolve the problem without help. He was 
shown how to use the STEP command, and was able to successfully edit his 
procedure uslnf it. However, In later work, he rarely applied this approach on his 
own — preferring to start over completely, rather than go througfi a step-by- 
step debugging of a previously defined procedure. 

V/hlle Albert learned how to use previously defined procedures as bu{idlng blocks, 
he had great difficulty using the Idea of subprocedures In his planning. He seemed 
to have a fl^ed Idea of a procedure as a sequential list of commands. When a 
pr ^csdure was used as a subprocedure, he seemed to lose track of how it fit Into 
his overell purpose. His "Initials" project, serves as a good example of this. 

In another project — making a "spacewar" animation In which a "UFO" orbited 
around a "planet", while shooting at It, Albert used subprocedures at th« 
teacher's suggestion. When bugs occured, he had difficulty realizing which 
subprociidure as at fault. He put subprocedures In the wrong places, often using 
them more than once. He needed a good deal of help to debug his procedures 
successfully. 

It was not until the last tew classes that he began to incorporate subprocedures 
into his work Independently, 

A similar situation occured In Albert's work with recurslori. He easily learned to 
use recursion in a "cliche" form, but had difficulty debugging improper uses of 
recursion. During one class, for example, Albert created a number of recursiv© 
designs. One of them, FLAIT, was Intended to produce an effect something like ah 
asterisk. First he defined one "ray" of the asterisk: 



TO FLAIT 

1 FORWARD 56 f 

2 RIGHT 90 

3 FOroVARD 2 

4 fflGHT 90 

5 FORWARD 56 
END 

Ffgura 1.5 

What he needed to do ne xt was to relate the TURTLE, and use recih slon to 
repeal the whole process. What he §g was to add the recuraion line without 
Indi^ng the necessary rotatloni 

TO FLAIT 

1 FORWARD 56 

2 RIGHT SO 

3 FORWARD 2 

4 RIGHT 90 

5 FORWARD 56 FLAIT 
END 



When this verston of FLAIT did not produce the desired effect, Albert tried to 
use it as a subprocedure of 9FLAITs 

TO 9FLAIT 

1 FLAIT 

2 FLAIT 

3 FLAIT 

4 FLAIT 

5 FLAIT 

6 FLAIT 

7 FLAIT 

8 FLAIT 

9 FLAIT 
END 

He was surprised that 9FLAIT produced exactly the same effect as FLAIT, and 
gave up on his project. Several weeks later, however, when asked why 9FLAIT 
and FLAIT hsd the same effects, Albert responded quite easily^ "iecause FLAIT 
never stops," and Indicaled that only !ine 1 of SFLAIT was ever executed. He 
never seemed to understand his original bug — forgetting to put a rotation before 



Figure \.6 
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the recursion line in FLAIT. 

Albert also learned to Use variablei to ehanfe the angle or slie of a given 
"pri^^etermined shape. ApH hs was able to debug problifni that arose' due 
syntax errors, but had difficulty with thos 
the purpose of the variable or the way in which it was assifned. 

For e?<ampiei Albert taught the computer to draw a S-polnted star (Figure 1.2). 

TO STAR 

1 FbRWARD 100 

2 RIGHT 144 

3 FORWARD 100 

4 RIGHT 144 

5 FORWARD 100 

6 RIGHT 144 

7 FORWARD 100 
S RIGHT 144 

. 9 FORWARD 100 
10 RIGHT 144 
END 

Later, during class 10, he was shown hew to make a star of variable siie by 
substituting iSiZE for the value 100 In all the forward staps, and using iSIZE In the 
procedure title. His new procedure was-. 

TO AS .-SIZE 

1 FORWARD sSIZE 

2 RIGHT 144 

3 FORWARD iSIZE 

4 RIGHT 144 
etc. 

Later, however, Albert had difficulty applying this Idea to the task of designing a 
racetrack. He was drawing a shape consisting of two bo^^es, one Inside the other, 
and wanted to write a procedure that could draw boKes of different sizes. He 
had begun his work by moving the TURTLE from the origin to the lower left hand 
corner of the screen, and drawing a large box, using these commai^si 



V/ PENUR LEFT 90 
FORWAgO 200 



BACK 200 



Th|i| ijtf^s Rjf;V|! thi TURTLi ©ytr 
to. th|! io^f^ (fit Hand eorner sf 



FENDQWN FORWARD 37i 
RIGHT SO 
FORWARD 37S 

RIGHT 90 : These sttpi draw a b©K with 

FORWARD 375 sides of 375. 

RIGHT 9b FOMWARD 375 
RIGHT 90 

When it yi/ai suggested to Albert that he make a variable box prooedtjre, he 
fqllowed thi[ same prooess hf did with Wr S^^ 
substituting iSIZE for the originally fl^d iength (n all t^ TORWARID st^pl vyitl^^ 
ohanging the RIGHT or BACK atep^ He had hot differentiated th^^^ steps needed td 
rnov« the TURTLE oyer, from those nee^^^^ 

TO ex :SIZE 
5PENUPLEFT90 
10 FORWARD iSiZE 
15 RIGHT 90 
20 BACK 200 

25 PENDOWN FORWARD sSIZE 

30 RIGHT 90 

35 FORWARD sSIZE 

40 RIGHT 90 

45 FORWARD iSIZE 

50 RIGHT 90 FORWARD sSIZE 

55RiGHT90 

END 

When tHis produced an off-center bo^, A|b|rt was myitlfled. He debugged this 
procedure in step by step fashion, first ra^^^ LEFT 90 from line 5 and then 
erasing line 20. Altbou^ "worked", he never understood 

his orlgmal e^ror.^^^!^^ see that he ^^fts still confused both about the use of 
y ariabi esi to replace f i»ced steps in vaHablizing a procedure^ a^ about separating 
his problem into subparts that had differ 

Albert's prolslerns were compounded by the f^et that he asked for heSp only vi/hen 
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Albert 



1.11 



Animation 



totally frustrab tried so many alternatives that he 

SBf^ S^^t" P[ what Ws, original difficulty had been. In a class In .which 
the pHieiJ three s Harriet and Tina) were e^tremeiy d^artaiK^ 

^'^®f:ti working quietly 0 prbblems he 

encountered; remained CO rarely used ai vehicles to help him 

Improve his understanding, planning and^ 

i.3 Albert's Work an Anlniatlon Projects. 



ERIC 



Work involving animation of different. kinds was a major theme of Albert*s LOGO 
experlenee. He began Incorporatlni SPINs In his designs in the second and third 
class. In the seventh and eighth classes he developed a "Starwars'* project that 
involved using positive and negative SPINs to draw a UFO orbltini around a 
planet. This project also made use of display commands, SNAP, DISPLAY and 
RUBDIS to create a shooting effect, and to make the planet disappear. In a later 
class he drew a car, and animated It using SPIN and MOVET. He then got very 
absorbed In the process of designing tracks for the car to race on. Still later, 
Albert animated a gocart using MOVET. He had a major problem orienting the 
TURTLE so that the car was drawn horizontally and moving horizontally from left 
to right 

In class nineteen Albert was given procedures to animate the TURTLE, and shown 
how to write a procedure that would allow him to change the TURTLE'S motion by 
typing letters on the keyboard. He was given the procedure DT, and the Idea for 
the procedure CHANGE. (KEY was given to him as a "primitive" which " sends a 
message to tell which key on the keyboard you typed.") The procedures were: 

TODT TO CHANGE 

10 MAKE "D 10 10 MAKE "LETTER KEY 

20 PENUP 20 IF iLETTER - "R RIGHT 20 

30 FORWARD iD 30 IF sLETTER ^ "L LEFT 20 

40 CHANGE 40 IF iLETTER - "F MAKE "D iD+10 

50 GO 30 50 IF iLEHER « "B MAKE "D iD-10 

END 60 IF sLETTER - "C RCIRCLE 20 

END 

Albert himself chose the letters to use In CHANGE and decided what changes 
would occur when thobe letters ware typed, 

Now Albert settled Into an area that he could understand — designing racetracks 
for the movini TURTLE. He designed severah one was boK shaped, another oval, 
a third an oval with a figure eight in It Throughout Albert*^ work with animation 



It was clear that he was Mpieliil^ eeAtefirn^^ with h^ the animatlen 
occurrsa, but rither with uilAI Ihl iMftitil^'e^^^ in a context of his own 
design, therefere the last aelli^iiyi wHifii AIM^^^^ given precedures with 
whieh he CQuli csr^^^ eut a vaHlty of wm^I^^ most succeisful. Although 

hat eeuld ek^laln how tha pro^idurti DT ani Cf^ANGl Mrke^^^^ hot derive 

similar bhes Hlmielf. Hi did ehangt thi if^^^ several times 

to altar the ahgle turned, or the amsunt th| dista^^^ decreased snd 

to add a nftw pFocedure which msda ths tllltLE Jump Instantahaeusly across the 
screen, 



le 



2. Betsy 



Betsy Is a slow, methodical student who worksd on scv^^ long projects, each 
lasting for a number of class perlodi. Although she qUjeti and rarely asked 
for help In her work, she responded well to suggestions from her teacher and 
1 once having acquired a new Idea she was usually abl* to make use of It In 
different contents. Betsy is considered to be be|ow average In oyerail academic 
ability. Her most recent achlevment test scores place her In 32nd percentile, 
when compared to national norms, Our presentation of Betsy's work focuses on 
examples of her major projects. 

1. Betsy's Horse Project 

Betsy's first project was to draw a horse, using the computer. In the course of 
working on this project, Betsy learned to: estimate angles and distances with the 
TURTLE, to make use of SO degree anglesi to draw rectangular shapes,* and to 
make use of rl|ht/left reversibility.: In the area of programmlh| she learned to 
write proceduras to use subproceciyres to draw different parts of her horse, and 
to write a superprocedure to put the entire priiject together. 
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Betsy 



2.2 



Herse Preieet 




Figure 2,1 



TO. HORSE 

1 BODY 

2 HEAD 

3 TAIL 

4 LEG 
5§iE 
END 



HORStl is a superprocedure 
whish draws the entire horse 
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TO BODY 
10 FORWARD 90 
20 RIGHT 90 
30 FORWARD 90 
40 FORWARD 90 
50 RIGHT 90 
60 FORWARD 90 
70 RIGHT 90 
SO FORWARD 90 
90 FORWARD 90 
END 

TO HEAD » 
10 RIGHT 63 
20 FORWARD 180 
30 LEFT 63 
40 FORWARD 90 
50 RIGHT 90 
80 FORWARD 20 
70 FORWARD 10 
80 RIGHT 90 
90 FORWARD 90 
100 FORWARD 40 
110 RIGHT 63 
120 FORWARD 90 
130 FORWARD 20 
140 LEFT 60 
END 

TO TAIL 

10 PENUP FORWARD 
20 LEFT 63 
30 PENDOWN 
40 FORWARD 40 
50 RIGHT 63 
60 RIGHT 90 
70 FORWARD 90 
END 



BODY draws a rictangle t© ripristnt 
the horse^s body 



HEAD draws the head and nesk of 
the horse 
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TAIL r^^sves the TURTLE over from 
where the neck finishes, and draws 
the horse's tall 



^otsy \ 2.4 Horse Project 



TO LEG 
10 RIGHT 90 
aOPENUP 
30 FORWARD 20 
40 LEPT 90 
50 FORWARD 30 
60 RIGHT 90 
70 FORWARD 10 
80 LEFT 90 
90 PENDOWN 
100 FORWARD 90 
110 RIGHT 90 
120 FORWARD 20 
130 RIGHT 90 
140 FORWARD 90 



LEG nndvei the TURTLE from vyhere 
thft jtaii flniihf^ and drawv the 
Kbrsd^ rear leg 



TO SEE 

10 LEFT 90 
20PENUP 
30 FORWARD 90 
40 LEFT 90 
50 PENDOWN ^ 
60 FORWARD 90 
70^ RIGHT 90 
80 FbRWARD 20 
90 RIGHT 90 
100 FORWARD 90 
EP 



SEE moves the TURTLE over to 
draw the front leg 



Haying aiready cdlled one procedure LEG^ Jetsy chose a miscellaneout name, SEE, 
forrthe fecorKi leg. SIrwe she us«i th^^ to move the TURTLE 

over, and to draw each feat LEG, could not be used again to 

draw the second leg. 

2.2 Geometric Designs Using Arcs 

Betsy spent siK class periods making a series of designs with quarter arcs. Sh@ 

enjoyed the effect by alternating left and right arcs. Her procedure, BOK, 

drew the largest series of four alternating arcs that w fit on the screen 
without producjr^Bi^'^ 
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Betsy 
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Geom&tric Designs 



TO BOX 
10 RARC 49 
20 LARC 49 
30 RARC 49 
4b LARC 49 
END 



TO JIMMY 
l^BOK 
20 LEFT 90 
30 LEFT 90 
40 BOX 
END 



Figure 2.2 



FIGURE 2.3 



Her proeedure, JIMMY, made the TUI^TLE retrace its steps so that it returned to 
its point of origin. When she repeated the same process four times, to make a 
symmetrical design, KATHY, she gave oich of her four subprocedures a different 
name. At this point she followed the same pattern of subproceduralizatlon that 
she had in her horse projecti each part of the design had Its own function, and 
hence its own name. While she was consciously repeatin| the same Brocess four 
times to make the overall design, she was not yet comfoirlable with the Idea of 
repeating the same procedure four times — although that had been suggested by 
the teacher. 
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TOKATHY 
10 JIMMY 
20 KARi: 
30 SUSAN 
40 LAURA 
END 

TO SUSAN ' 
10 RIGHt SO 
20 BOX 
30 LEFT 90 
40 LEFT 90 
50 BOX 
END 



TO KARL 
lOJOX 
20 LEFT 90 

aflirrso 

END 

TO LAURA 
10 BOX 
20 LEFT 90 
30 LEFT 90 
40 BOX 
END 



Figurt a4i Kathy 



TO JIMMY 

10 BOX 
20 LEFT 9Q 
30 LEFT 90 
40^ 
END 



was made after a period of eKptrlmentatjon wr 
BOX, rotation, BOX, rotation, ... This time she made a ^ubprocedure^ RAY, 
consisting of BOX and a rotation, md found that rep«atln| RAY nine times 
produced a "sun". 



TO RAY 
10 BOX 
20 LEFT 180 
30 RIGHT 20 
END 



TO SUM 

lOLEFl 130 

20PENUP 

30 FORWARD 180 

40 RIGHT 130 

50PENDOWN 

60 REPEAT [RAY] 9 

END 




Figure 2.8 

Lines 10-50 of SUN are needed to move the TURTLE over so that the entire 
design appears on the screen. The design Is drawn by line 60; REPEAT [RAY] 9. 

Next, Betsy wanted li make suns of different sizes. She learned the syntax for 
using variables, and rewrote her proeeduresi 
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T0B0X2 -.SIZE TORAYaiSEE TO SUNa iSIZE 

ip RARC jSIZE 10 BO)<a iSI2E 10 REPEAT [RAY2 iSIZE] 9 

20 LARC :SI2E 20 LEFT 1^6 END 

30 RARC iSIZE 30 RIGHT 20 

40 LARC :SIZ6^ ' END . 

END 

Having defined a variabli sun, Betsy set out to make a "sky" full of stars. Her 
design was limited to two starl, by the memory iimltatlons of the display 
computer. Betsy's superprocedure, BUD, whleh draws the sky, uses the 
subproeedure twice, 

TO BUD 
lOPENUP 
20 LEFT 90 
30 FORWARD 180 

40 right iso 
sopendoWn 

60 FORVftf^RD 370 
70 LEFT 1^ 
80PENUP 
90 FGRWARO SO 
lOOPENboWN 
I10SUN2 10 
laOPENUP 
130 BACK 20 

140 LEFT 120 

150 RIGHT 45 , 
ISO RIGHT 10 
170 FORWARD 180 
180 RIGHT 90 

190 FORWARD 70 I 
200 F tlSibOWN 
210 SUN2 10 
END 

Figure as 

2.3 Recurslye^rojects 

For a few periods, Betsy experimented with randomly creating geometric designs 
by using recurs and SWING were two deBlgns which she liked well 

enough to make printed ef^giesi 

■ 84., . 




Betsy 
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Recursive ProjecU 



TO ABC 

10 FORWARD 90 
20 RIGHT 90 
30 FORWARD ISO 
50 LEFT 180 
60 FORWARD 40 
70LARC20 
80 ABC 
END 



TO SWING 
10 FORWARD BO 
20 LEFT 40 
30 SWING 
END 



SWING 



ABC 




Figure 2.7 

This led rather naturally to making a series of designs using POLY, and exploring 
the relation betweeen the angle Inputs to POLY, and the resulting ehap©. These 
explorations, and designs made using POLY occuplid another few classei, 

2.4 Debuggi ng a Perggn 

Near the end of the series of classes, Betsy was asked to debug a set of 
deliberately buggy procedures, designed to draw a person. She was faced with 
the problem of debugging a set of subprocedures which drew a figure like this: 
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Figure 2.8 



BAtsy had no difficulty getting the irms eriinted eorrectly. She did have diffleulty 
posilfpnlHg tWi tWTtl to drp^ the W^Wmm. lather than make use of the 
stihd*rd-*fik-:©f-roUtlng-t^ 

Betsy Used a mora elaborate proeest of moving the TURTLi upward and to the 
l^ft 6«fpH^ itoht to 





Figure 2.9a Figure 2. Sb 

Figure 2.9 

Tte r^^^^ draw it are shewn 

'•below..' '. " 



Botsy 
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DebuEging a Person 



TO PERSON 
10 30D 
20 LEGS 
30 ARMS 
40 HEAV 
END 

TO BOO 

10 FORWARD 20 
20 SACK 80 
ENO 

TO LEGS 
10 RIGHT ISO 
20 LEFT 45 
30 FORWARD 40 
40 BACK 40 
50 RIGHT 90 
60 FORWARD 40 
70 BACK 40 
SO LEFT 45 



TO ARMS 
10 RIGHT 180 
20 FORWARD 60 
30 RIGHT 90 
40 RIGHT 45 
50 FORWARD 30 
60 BACK 30 
70 RIGHT SO 
SO FORWARD 30 
SO FORWARD 30 
100 RIGHT 90 
110 RIGHT 90 
120 LEFT 45 
END 



TO HEAV 

10 FORWARD 30 

20 PENUP 

30 LEFT 90 

40 FORWARD 20 

50 RIGHT 90 

60 FORWARD 25 

70 PENDOWN 

SO RCIRCLE 30 

END 




Figure 2.i0 



A 



Betty^s work debugging ptrson was falfowad by a recursive .dislgni which 
produced a string of overlapping figura§» 
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DBbugginE a Person 



TO PEOPLE 
10 PERSON 
20 PEOPLE 
END 

and a design drawn by arranging four PERSONS in a kind of squarei 

TO PERSO 

10 PERSON 

20 RIGHT 90 

30 PENUP 

40 FORWARD SO 

SO PENDOWN 

SO PERSON 

70 RIGHT 90 

80 PENUP 

90 FORWARD 90 

100 PENDOWN 

110 PERSON 

laO RIGHT 90 

130 PENUP 

140 FORWARD 90 

ISO PENDOWN 

160 PERSON 

END 



Figure 2.11 
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3. Darlane 



Darlenejt a brl|ht, quietly attractive itudsnt, who is conildared to have "abova 
averago" ability by her teachers. Her most recent achievement test scorei place 
her In the 4gth percentile as compared to national norms. Despite the potential 
perceived by her teachers, she does not seem to challenge herself in school, or to 
cespond to challenges from teachers. As one of her teachers put Its "Darlene 
always seems to exert herself to the extent necesstry to get a B, and no more. 
She does not push herself, and Is not concerned with doing the best she can." 
Darlene's school work is conscientiously neat and punctual, but not Inspired. 

Darlene exhibited much the same pattern In LOGO classes. Her work was 
characterized by a large number of short projects, usually Involving attractive 
geometric designs. She very quickly learned a few key ideas in LOGO 
programming and Turtle Geometry, and applied these Ideas over and over again in 
similar projects. She tended to reject suigestlons that led to longer, more 
Involved projects, or to more complex learnings. 

Darlene had a lot of curiosity about the LOGO language, Its commands and error 
messages. She often carried out "experiments" to test the limits of the language, 
or the computer system. She enjoyed examining the work of other children, which 
she was able to understand by printing out their procedures and stepping through 
them. She also became adept at the use of the LOGO filing system, and had 
several files of her own, which she learned to manipulate expertly. 

Darlene learned to use all of the system peripherals^ the flflor turtle (during the 
few days it was available), the printer, and espicially the plotter. She devoted a 
fair amount of effort to making plotter pictures of her designs, and using the 
plotter and printer output to make neat, well or|anized displays of her work. 

Darlene had a desire to be self-sufficient In her work. She usually preferred to 
scrap a project with which she was having trouble, rather than to debug It 
carefully or ask for help. While she liked to learn new ideas that would have 
immediate effects (such as the use of REPEAT or SPIN comtnds) she rejected new 
ideas when they required a lot of concentration, time to Implement, or a difficult 
new syntax (such as the use of variables). 

3-1 Darlene's Explorations with the LOGO Language and the Computer System 

Darlene exhibited a great deal of curiosity about the workings of the LOGO 
language and the computer system. This sometimes took the form of trying to get 
the computar to generate error messagti, or to "printout" LOGO primitives. She 
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EKplsrstions with LOGO 



was curleus, abeut the t rrw messagti gsnarated by using alphanumeric and nen- 
alphsnuroerie sharaeters. Whan sha raselvgd an srror messaga sha of tan 
respond^ by earring out a sarias of eKparlmantt. Far aKampla, tha fsllewlni 
saquane^ taican from Ov iana*i <^]bbla filai 

?65 

YOU DONT SAY WHAT TO DO WITH SS 

YOU HAVINT TOLD ME HOW TO HIS 
?6 + 2 

YOU DOI^J SAY WHAT TO DO WITH 8 
?6 + 2= 

^NEEOS MORE INPUTS 
?6 + 2 = 8 

YOU DOMT SAY WHAT TO DO WITH "TRUE 

a 

^NEEPS MORE ir^UTS 

!n tha sama se§sior^ sha genaratmi tha longast singia "word" that tha esmputer 
would aGeept* typing randsm charactars for twanty-ona linas, until the eemputer 
printed a "NO MORE STORAGE" error matsage. 

In another session Darlene eNplered a rather oonfuslng serlas of errors. Although 
she did not ask for help, and the teacher was not direotly aware of what she was 
trying to do. at the time, we have been able to reoonstruct her mode of operation 
by a detailed analyais of her dribble filei 

?T0 &&•* Darlene is eKporlmanting with non-alphanumerle 

procedure names 

* CAhTT BE AN INPUT 

Without understanding the message, sha pickt 
a new nam% again non-aSphanumerlo 

?T0&)&) 

> 10 FORWARD 12 Getting no error mestage, Darlene defihes 

-'>20 RIGHT 90 a proeaduret using a familiar sequence of 

>30 FORWARD 12 comma^s 

>40 RIGHT 90 

>SQ FORWARD 12 

>6bSPIN 100 

>END 

& DEFINED Darlene notieed that the computer responded 



D<plorati3n§ with LOGO 



"& DEFINED" and used & as her proceduri 
title, rather than &)&) 

& NEEDS MORE INPUTS 

Noticing the error message, the now tries 
her original title, &)&) 



UNEXPECTED RIGHT PARENTHESES 

?ED & , Oarlene realizes that something about her 

procedure needs to change, but she is not 
>END • sure what to dc, so types END, -and tries 

8i OEFINED some more experiments 

m 

& NEEDS MORE INPUTS 

This time she tries an "input** 

?& 

YOU HAVEN'T TOLD ME HOW TO ' 

W78 Tries a numerical input, but forgets to 

YOU HAVEN'T TOLD ME HOW TO &7B 
m B6 

& NEEDS MORE INPUTS 

?POTS Here Darlene gets another "clue" about 

TO & ) ^ ) how the computer "thinks" &)&) should 

be typed 

?T0 S: ) & ) She copies the computars version. Including 

TO 

YOU HAVE ALREADY TOLD ME HOW TO & 
?ER & ) 82 ) Using the computer's version again 

UNEXPECTED RIGHT PARENTHESES 
?POTS 

TO POLY iSIDE lANGLE 

Darlene notices that despite the error 
message, & ) S ) has been erased. 
?ER ALL She clears the worl^space and starts again 

? READ "DEANNE > 
?POTS 

?T0 POLY jSIDE iANGLE 
?T0 m&) She tries again! 

>10 FORWARD 12 
>20 RIGHT 90 
>m FORWARD 12 
>40 RIGHT 90 
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3.4 Expiorstlons with LOGO 



>S0 FORWARD 12 
>60 SPIN 100 
>END 

& OEFiNED 
POTS 

TO & ) & } Oarlenti dossnU ^ven try & this time. 

TO PaV iSlOE 1ANQI.E 

When she sess that the E§mputer has 
printed It out the same way, she knews It 
wsn*t work, and Just erases IL This time 
she erases it uting ^ verslen of the 
title, wd ehecks, using roTS, to 
see if the procedure was erased. 

?ER &)&> 

UNEXPECTEO RIGHT PARENTHESES 
?POTS 

TO pay :SIO£ :ANGLE 
?TOTOO 

Ouring this entire sequence, Darlene never asked for help, or mentioned her 
difficulty. Finally abandoning the struggle, the chose a more conventional name 
for her procedure, TOO, and went back to her orliinal plan. Her difficulties 
stemmed from two problems. Not understanding the special role of parentheses 
in LOGO, and being relatively unfamiliar with variables. One experiment she did 
not try was to continue adding inputs, typing & IS 5S iS for eKample, until the 
error message, "& NEEDS MORE INPUTS" no longer occurred. Perhapi a greater 
familiarity with multi-varieble procedures might have led her to that experiment 
At a minimum, she probably learned that non-alphanumeric characters can cause 
difficulties In procedure titles. Her persistence, In exploring the system on her 
own, without hm\p, was characteristic of her work. 

2. 0arlene*8 Uge^of Prqcedures 

Darlene had an excellent sense of a procedure as an entity. She began defining 
and repeating procedures In the first class. When a procedure that was supposed 
to make a "D", (see Figure 3.1a)s had a bug In It {see Figure 3.1b), she 
immediately repeated the procedure four times, until the shape "closed" (Figure 
3.1c). 
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Use of Procedures 



< 



A 



3.1a 



3.1b 



3.1c 



Figure 3.1 



Making patterned procedures remalnid a major themt of Darlene*s work. . Darlene 
was alsd able to establish a citar hlerarc!^ in the use of subproeedures. In the 
fourth class, she made an experimental design which she called STAIRS. Having 
finished the design, she began repeating it After a few repeats, she saw i hat it 
was going to require a large number of repeats before It "closed". She now 
began to use the REPEAT command, finally determining that her figure closed after 
IS repeats of STAIRS, She made this a procedure, and also defined a procedure 
which would cause the whole shape to spin; 
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Uie ef Prscedures 



This approach was a common ens in Darlsne's work: fnake tome kind of origins! 
design, then repeat It until it makes a cloied or complete figure. When Darlene 
made a design which included a SPIN command, she qwckly transformed It Into a 
repeated spin with her second proceAre. 

TO POINT 

10 FORWARD 70 /Cs ^ 

20 RIGHT 67 A 



The name, ZIP''€R, came from the visual effect cause by the shape of the module 
and th» multiple spins. 

In addition to having a clear sense of the hierarchical structure of LOGO 
procedures, Darlene also ur^erstoed how to break a long project into shorter 
subprocedures. In order to simplify the construction process. Her procedure CAT, 
was made up of six subprocf dures, each of which had a clearly defined functloni 



TO ZIPPER 

10 REPEAT [PCINT]10 
END 



30 FORWARD 2 
40 RIGHT 67 
50 FORWARD 56 
60 SPIN 100 
END 




FigU'e 3,4 
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idraws two circles 

imoves the TURTLE te driw the first ear 
^raw8 the first ear 

amoves the TURTLE and draws the second ear 
imovas the TURTLE to draw the tall 
^aws the tail 



Rgure as 




At iome point after fimshing the CAT project, Darlene decided to carry out a 
complex sequential Turtle Geometry project without using subprocedures. Her 
ratulting procedure, CASTLE, included 63 stepi (numbered by fives) and was 
accomplished with a rnnimum of debugging. 



TO CAT 
10 RIBIT 
20 WEE 
30 EARl 
40 EARa 
50 TURN 
60 TAIL 
70 MDETURTLE 
END 
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Fifure 3.6 

Darltne also enjoyed mmmt\\n% the work of other ehlldren. She would LOGIN with 
other chlldrtn's names, read their file^ end try out their procedures. She would 
expertly trace her way through a procedure hierarchy to find out what each 
subprocedure did and how it worl^^, ' Once she copied a set of procedures from 
her classmate, Betsy, expertly changing each subprocedure name, so that 
Darlene*§ procedures produced the same effect as ietsy's with different nemes: 
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Procedures 


TO BOX 


TO PIG 


10 RARC 49 


10 RARC 49 


20 um 49 


20 LARC 49 


30 RARC 43 


30 RARC 49 


40 LARC 49 


40 LARC 49 


END 


END 


TO RAY 


TO GLASS 


10 BOX 


10 PIG 


20 LEFT 180 


20 LEFT 180 


30 RIGHT 20 


30 RISHT 20 


END 


END 


TO SUN 


TO SMILE 


10 LEFT 130 


10 LEFT 130 


20PENUP 


20 PENIF 


30 FORWARD 180 


30 FORVyfARD 180 


40 RIGHT 130 


40 RIGHT 130 


45 PENDOWN 


45 PENDOWN 


SOREPEATIfiAYig 


50 REPEAT [a.ASS]9 


END 


END 
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Although Darlent was expert at many asptets of LOGO she was confysed by 
variables, and ■Itlwuih 8^^ Involving variables, 

she never mWe a conilrt^ effort to uMarstand either the syntak fir the use of 
variables. Efforts to explain the 

would have allswed Nr to^a^ ©f variables on her own* 

wei^ met by Darlene^ It vvas not until the elass 

began to work on dyn activities during the last two weeks, that Darlene took 
• serious Interest in variables. At this point she wanted to control the response 
of the DYNATURTLE to a KICK commtnd. Darlene was given the procedure. 
COMMAND: - 

TOCGMMAftfD 

10 MAKE "LETTER KEY 

2OIFiLETTER--RRIGHT30 

30 IF iLETTER - "L LEFT 30 

40 r iLEtTER - -K KICK 30 

END 

Darlene's problem was to make the dynaturtle reach a target. Many of her 
strategies resulted !n the TURTLE missing the target and drifting off the tereen 
<see Part II, Chapter 6, Dynamics, for mere about barlene*s work with cfynaturtle). 
To compensate for this Darlene decided that If the kick had a strongef effect thf 
turtle would reach the target more easily, After btlrig shown the COMMAND 
procedure, and Bxperlmentmg with various Inputs to KICK, shs edited COMMAND 
to Irelude an addlllonallinei ' 

SO IF -LETTER = "F KICK 2000 

Later, she tried to make the TURTLE move more slowly so that it could land more 
softly on the target. This time she added the instructions 
60 IF -LETTER = "S^^^^^ 

In tNs Way she began to understand the use and syntax of vpriables. 



4 D@b§rah . 

Deberah is considered to be a below avaraie student by her teachers. She hits 
difficulty iearning new topics, and Is usually dapendint on a lot of help from her 
teachers. She presents a good example of a "slow learner," Her most recent 
national achievement test icores place her in the 28th perc^ 



Deborah began by being e><tremeiy timid and depindent in Interactions with the 
computer. II was not until the eighth class that she had enough confidence to 
the carriage return at the end of a line of Instructions. She ej^perienced great 
difficulty with simple projects. Starting at the Sth session, she was encouraged 
to "explora" with direct commaridsi FORWARD, BACK, RIGHT, LEFT, circles and 
arcs. She was able to gain confidence when exploring by limiting herself to very 
few commands and Input numbers, which she repeated over and over. By 
Intuitively choosing input numbers which make very nice designs (90s and 308, for 
example), she was able to produee Interesting effeets. Qraduaily she learned to 
write procedures, to teaeh the computer to draw the designs sh^ 

By the end of the series of classes she had created some unusual designs which 
won praise from her classmates, had carried out (with some help) amajor project 
requiring the use of planning and subprocedures, and had a strong confidence in 
her abiilty to use the eomputer. She had Invited both of her parents to visit the 
class, and they remarked to the LOGO teacher that this was the first time that 
Deborah had been excited gbout anything in school, Deborah^s classroom teachers 
report that she has also become more assertive in class, has asked for extra help 
after school, etc. 

1. Deborah*s Worklni Style 

The key to Deborah's success was her strategy of working with the computers.. 
Deborah was able to slowly build her confidence and uhderstanding by limiting her 
choices of LOGO commands and inputs, limiting the goalf of her work, and by 
working In a way that minimized the chances of error. It was bs if Deborah 
invented an unstated set of "rulos" governing her work In LOGO which helped her 
to be successful. ' 

—she used a severely limited number of commandss FORWARD, RIGHT, 
1 LEFT, RARC, and LARCi 

—she limited the Inputs she used v/ith these commands to multiples of 
10, up to 100. If a larger effect was needed, she would use additional 
steps, as In FORWARD 90, FpRWARD 30. In fact, Deborah began by 



as 
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using only inputs of JO, and gradually expanded to include other 
numbers, while eontlnuing 

—her patience In a §n8-itip*at-a-tlme mode of operation was quite 
remirkable. Her format wa* quite stereotypid. (1) carry out one 
TURTLI step (turn, move or ptnup)i (a) check to see If that looks right 
on the screeni (3) if so, write down the step a contlnuej (4) If not, 
clear the scresh, retype ill the steps previously written down and try 
, inother choice for the questionable she. 

--she rejected all suggestims that she incorporate new ideas into her 
work until she had thorsu^Iy mastered the ideas with which she was 
already familiar. 

In short, she crMted a very limited "mlcrowbrld" of computer activities in which 
she could furwtlon successfully. Shi gradually expanded her microwerld as she 
bMame confident of her mastery of it 

The micreworld which De^ chose for herself, the world of FORWARD 30 
^•G'^T -SO, Jfr very nearly as rich as all of Turtle Geomttry. It includes squares, 
triangtes, cii^iies, "s^^^ 
wdl as the matM 

Tptal Turtle Trip tftebrem, symmetry, simllarlt)^ Estimation of lengths and Angles, 
planning and debugging, and procedure writing. By repeating rotations of RIGHT 
30, It is possible to turn the TURTLE 60, 90, 120, ISO or 360 degrees. Thus, 
Debqrah could maki a square, make the TURTLE reverse dirictidn, and make 
siniple syrnmetrlcal .designs by using only 30 as an input to RIGHT and LEFT. 
Similarly, designs based on lengths of 30 TURTLE steps, fit nicely Into larger units 
of 90 or 120 (30^ 90) TURTLE steps. 

By Hmltinf her InpuU to numbe such as 30, 60 and 90, Deborah actually 
enhenead the possibility that her e>caloratlons would produce Interesting results. 
We :ido ^notyknow why D her initial explorations, 

rather than numbers like 55, and ^ 6^^ 56, that are often chosen 

inltlallyiby many ^ther children. Debora^^^ to calculate consciously 

that "three thirties make ninety," or that "three sixties makes the TURTLE 
reverse air«tlen". Threughbut he unwilling to combine Inputs, and 

^f»verusedien^lnput greatt^^^^^ 

Into three major phases: a period of 
^ period of exploration, creation of different 

designs and the gradual understanding of aspects of Turtle Geometry and LOGO 
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programming; and a period (jf consolidating her learning by working on a major 
project which' took her several class periedi to complete. These three phases 
will now be examined in some detail. 

2. Dependence and Insecurity 

For the first seven classes, Deborah worked on "teaching the computtr" to draw 
her Initials. She had a strong need to have every detail of her work be "correct," 
and she seemed to be afraid of making mistakes. As a result, she needed 
reassurance from the teacher fo^ everything she did, and was unsure of even the ' 
simplest details — such as typing a carriage return a.t the end of every line. She 
was reluctant to write In her notebook, and easily lost track of what she had done 
successfully. 

During this period she would wait patiently for the teacher's help, staring off 
silently into space for long periods of time, If he was busy elsewhere. She had 
good insights about where to move the TURTLE to produce the initials she was 
drawing but she had difficulty understanding how to translate those Insights into 
LOGO commands. Although the project of drawing initials is an excellent 
introductory LOGO project for many children. It seemed too comple)^ for Deborah, 
it clearly had a "correct" result, which Deborah needed to achieve. She would not 
allow herself to experiment or to try out something that might not prove to be 
"right". 

During this period, however, she did develop some knowtedge that she could use 
later on. While making the TURTLE draw the 'M" for her last initial, she 
discovered that she could orient It correctly at each vertex by repeating turns of 
RIGHT or LEFT 30. She was exposed to the Idea of a procedure, although she was 
not yet able to write one Independently. She began to develop some facility with 
the keyboard. ,Whjn her Initials were finally complete, Deborah had a feeling of 
pride and "ownership," despite the large amount of assistance she had required to 
carry out the project. <See Figure 4.1) 
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' , Figure 4.1 > 

3. Exploration, and the Gradual Buildup of Skills and Confidance 

Realizing tliat the initials pro|ect had brdught out the most compuislye arid 
insecure aspects of Deborah's par sonalityf the teacher suggested a different 
appfeach, as soon as the project was finlshad. He '*asil|ned'* Deborah the task of 
"•xparimeriting'V with FORWARD, BACK, RIGHT and LEFT commands and the 
procedures RARC, URC; RCIRGLE and LCIRCCI AltHpugh to use 

a variety of inputs with these commands, durini her first period of exploration, 
she only used two inputs: 30 and 90. She used 30 as an input for the RARC 
procedure, and used 30'i for al! other TURTLE commands. 

Once Deborah got Into "experlmentini" mode, the compulsive need for success 
was eliminated, and she began to feel sucqessful "without really trying" Deborah 
brpufht her copying skills into playi and developed a good way of writing 
procedures. Orice she had is design she liked, she would look at the terminal, to 
find the last CLEARSCREEN command on the scrajin. Then ^^^^^ into 
her notebook, aH the steps fpllowing the CLEA^CREEN. if she had mistakenly 
used a LEFT 30, followed by a RIGHT 30 to correct itr she copied botK. chobsihe 
to exercise no judgement as she copied. She was siiown how to put a title at the 
top of the list of steps In her notebdok, number each line, put the command END 
at the bottom, and type the entire procedure on the terminal. 

Sometimes Deborah made mistakes In copying. When she did, she had two ways 
©t cerrectirtg themi first she checked that the steps on the screen were copied 
correctly in her book; second, sh^ checked that the steps in her book were 
copied correctly in a procedure. Her most common error was leaving out line 
nymbers wheh typing her prdctdure. Sha could correct this herself, however, by 
retypinf ^as rnuch of the prociitiure as necessary. (She coritinued to IncramSnt lln© 
numbers by ones, until hear the end of the classas.) When Deborah made a 
mlstaki, she would say "I goofed," In a wistful voice, and ask for help or 
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reassurance. As she gradually came to realize that she had ways of fixing "goofe" 
by herself, she began to need help 1^^^^^ 

P^l^orah also used the word "goof" In anothir conteKt. When she was eKplorlng 
freely, she would say 'Tm Just goof Ing around," There must have been an 
unstated connection in her mind between the two uses of "goof''. 

The approach used In teaching Deborah during this phase of her work was ta 
show her no more than necessary *5 help her accomplish her purposes. She was 
shown EDIT (ED) and PRINTOUT (PO) help with editing, else for a 

long time. She needed to feel In control, and since she was carefully limiting the 
choices available to her, the teacher did the same. When an opportunity occured 
to show her something new, the teacher made limited suggestions, 'which she was 
encouraged to accept or reject. Peborah repeated successfur activities over and 
over again until she was really secure with them, and ready to axtend her 
microworld. She Had cfrilrol of whether to accept or reject suggestions, and 
gradually became iihlQ to wcept them when she felt they were appropriate. 

During this exploratory phase which lasted for seven or eight class sessions, 
Deborah created a number of interesting designs. SPYRO (see Figure 4.2) was 
her first independently Initiated procedure. It grew out of exploratory work with 
the RARC subprocedure — repeating RARC and Inereasing the Input by 10. 
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TOSPYRO 

1 RARC 20 

2 RARC 20 

3 RARC 30 

4 RARQ 30 

5 RARC~46""' 

6 RARC 40 

7 RARC SO 
3 RARC §0 

9 RARC 60 

10 RARC 60 

11 RARC 70 

12 RARC 70 

13 RARC SO 

14 RARC SO 

15 RARC 90 

16 RARC 90 

I 7 RARC 100 
1 Si RARC 100 

19 RARC 100 

20 RARC 10 
END 




Figure 4.2 

Anether design became the procedur^^ EYES, made using RARC 
commands^ (See figure 4.3). 
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TO EYES 

1 RARC 90' 

2 RARC 90 

3 RARC 90 

4 RARC 90 

5 LARC 90 

6 LARC 90 
7 LARC 90 
a LARC 90 

9 RARC 40 

10 RARC 40 
i r RARC 40 
U RARC 40 

14 LARC 40 

15 LARC 40 

16 LARC 40 

1 7 LARC 40 
END 




EYES 



Figure 4.3 

DeborahV «rst use of a subprocedure as a "building block- came aft^, ih# had 
made a CIRCLE procedure using four RARC 90s. Diborah made a FLOWER 
procedure by repeating a circle and a rotation. Deborah chose RIGHT 60 for the 
rotation, which led to a figure which closed after six repeats and made a 
symfnetrical design (figure 4.4). 
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-TO FLOWER 

1 CIRCLE 

2 RIGHT 60 

3 CIRCLE 

4 RIGHT 60 

5 CIRCLE 

6 RIGHT 60 

7 CIRCLE 

S RIGHT 60 

9 CIRCLE 

10 RIGHT 60 
U CIRCLE 
END 

TO CIRCLE 

1 RARC 90 

2 RARC 90 

3 RARC 90 

4 RARC 90 
END 




Figure 4.4 

Deborah's most spectacular design was diviloped after the whole class watched 
a film which showed a number of computer designs. Among the designs shown 
was a s|x pointed star. When Deborah came right back to class from the film, she 
drew a sij? pointed star with the computer, without making a single mistake. She 
began by turning the TURTLE RIGHT 30, arid proceeded to ,draw the star by using 
a combination of FORWARD 70s, and RIGHT 60s. Her choice of RIGHT 30 for the 
first step, and RIGHT 60 for the turns was critical in allowing her to carry out the 
project easily. Her strategy was to move the TURTLE forward 70 TURTLE steps, 
and than repeat RIGHT 60 untij the TURTLE was aimed in the right direction. The 
total rotatiens needed art RlGlfT 120 at the points of the star, and RIGHT 300 
(equivalent to LEFT 60) at the inner vertices. Deborah did not seem to realize 
that she was always repeating RIGHT 60 two times and five times. At each point, 
she Just kept turning the TURTLE until it was pointed In the right direction. At 
one point, Deborah missed the correct direction, and continued repeating RIGHT 
60 for a total of 1 1 times until the correct orientation was achieved (Figure 4.5). 
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I^k Jih?! ""'y for Dsborah te ttach the cemputar how to 

^i J V}^- "® '"F"*'^ that Dtborah te«h the compultr how to maka^^^^^ 
^,ar^ hen Htpeat that to make the ttar. Deborah aLpled the s^l^ 
and tau|ht the computer.' •"BBesiion, 

TO TRYANGLE 

1 RIGHT 30 

2 FORWARD 70 

3 RIGHT 60 

4 RIGHT 60 

5 FORWARD 70 

END ' 

Since TRYANGLE included the step, RIGHT 30, It did not work when it was Dsed 
as a subprocedure. Deborah notictd this when she tried to use it. The teacher 
helped her romove the extra step, and reminded her b use RIGHT 30 as the first 
step in her STAR procedure. 

After Deborah had drawn the first TRYANGLE correctly, she was asked what 
commmid she had to give the TURTLE next. She looked at the situation carefully 
and afUr^ some time, said, "LEFT 60!" She then tried it and found that it worked 
ATier that, she was able to build the star by repeating TRYANGl,!, LEFT 60 until 



6 points were constructed. Here Is htr procedure, STAR, and the revised 
subprocedure, TRYANGLEs 



TO STAR 


TO TRYANGLE 


1 RIGHT 30 


a FORWARD 70 


2 TRYANGLE 


3 RIGHT 60 


3 LEFT 60 


4 RIGHT 60 


4 TRYANGLE 


S FORWARD 70 


5 LEFT SO 


END 


6 TRYAMGLE 




7 LEFT 60 




a TRYANGLE 




9 LEFT 60 




10 TRYANGLE 




11 LEFT 60 




1 a TRYANGLE 
END 





During this exploratory phist Deborah gained a great deal of the knowledge and 
confidence that ieemed so diffleult for her to obtain while tryihg to make the 
computer draw her Initit 

prece^res and to use procedures as subprc^eduras In a "bulldlng-block" fasNon. 
At the sami time she learned to interpret error messages, correct h 
to debug her procedures. Most important, she developed the confldenc© with the 
keyboard and the computer, that would enable her to carry out a major project 

4. Deborah's Major Project — Drawing a Rabbit Head 

In the sixteenth class sesilon, Deborth indicated that she was ready to tackle a 
"lajo^pfoject. She made a drawing of a rabbit Jiee figure 4,6ah ai^ immedlat 
said "ItV too hard." A modification was suigestid by the t a square 

headr and triangular ears, that might be easier for her to carry out. (See figure 
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Figure 4.68 



Figure 4.6b 




RABBIT 
Figure 4.7 
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Debor?ih begin drawing the rabbit using dlreet^^c^^^ She built a square 

usjp TURnE stept of 70 and 60 to make a fide of length 110, and rtpeated 
FORWARD 70, FOmVARD 60, for each tid^^ 



iid« of the ^spuart to make the tyti. When tht get confuied, she eleared the 
se^en end tr^ apin. When she hit a inig a^^^^ 

a^r^ow^ rbtatlng her FLOWER tognind 

^iJS?eJv^^v.5*''' ^^^^^ a few days later, she ^hoae 

FORWARD 90, FORWARD 30, as the eemmandt to wake each side of her square 
Aftw s^^rtl mwe attempts t^ the eyes and the nose 

the teaeher suggested breaking the proWem Into p^^^ and teiehlhg each part to 
the eomputer separately. Deborah agreed to this and decided to teach the 
eemputer to ^aw the outside of the rabbit first She could not think of a name 
for this, and finally-declded-to cillit "l#T""(S«rfliu^^ 

"V*-f5^^. ^«n ^he began to teach LnTLIEYES to the computer, she intended 
to 'n^^' f the steMs following CLIARSCREIh), al u^ teacher explained 

* /. il^r-b'^^"-^^^^^ ^^^^ part of RABBITi but that HAT should not be 
part of UTTLEEYES. * 

Her strategy of using 30 as an input helped her locate the eyes sucessfully In the 

tmIt. I ' ®^ °' and since she moved the 

lURTLE across the head in steps of 30 units, she was able to center the eyes 
with no difficulty. (See figure, 47&) 

When Deborah began to work on the nose, she got really stuck. She had two 
different problems to rasolvei How to make the nose, and where to put it The 
teacher showed her how to separate the two problems, and make the nose all by 
Itself - forgetting about the rest of the rabbit for the time being. Then, once a 
good nose had been made, she could work on placing the nose in the Hiht 
position. • 

Deborah pii.flned to make the nose as sJv^wn in figure 4.6. The teacher showed 
her how to start with RARC, turn the TURTLE all the way iround, come back to 
the beginning using LARC, and then reverse the whole process to make the ether 
side. Deborah understood the idea, but needed help working it out. Whenever 
Deborah needed to tum the TURTLE around she used RIQHT 90, RIGHT 90 (See 
figure, 4.7c) ' ^ 

Later, when she began to mshe the rabbit's ear, she again demonstrated her 
accuracy m choice of inputs; She had mowed the TURTLE to the top ©f th© 
rabbit's heao. Deborah needed three tries to make the first ear. The key 
decision was how far to turn at the top. Sinse she had turned the TURTLE RIGHT 
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20 at, the ba|e or thfl ear, a turn needed to make *n isGe#i#3 

trianile. In Deborah's first ^ry, she turned RIGHT 90 four times, then RIGHT 80, 
RI^HT 30, RIGHT 30, for a total of ISO degrees. The far end of the ear^dld &t 
line up easily with the top of the head. Her Second try was RIGHT 900 (mistake);? 
followed by two RIGHT 90s, to straighten the TURTLE out again; followed by 
RIGHT 70, RIGHT 20, RIGHT 20, RIGHT 20, RIGHT 20, for a net rotation: of 150 
degrees again. Once again, she had trouble lining up the far end. On tha third try, 
she turned I^IGHT 90, RIGHT 30, RIGHT 20, for a total rotation of 1 40 degrees. 
This made It easy to line up the far end of the ear, which happehed to come out 
almost exactly at the far end of the head. At this point, beborah wrote out all 
the steps, and said "I can do the same thing on the other side. Should I jive this 
a name?" (See figure 4.7d). She then defined the procedure TO EARS. 

At the next session, Deberah was helped to separate the steps that made the 
ear, from the steps that set It in pesltioft By doing so, she could use the same 
subprocedure, EARS, to make ears on both sides. Her completed RABBIT Is shown 
in figure 4.7. 

At one point, while working on the ears, Deborah rejected help from the teacher, 
asserting her independence by proclaiming loudly, "i know what I'm doing!" 

During the RABBIT project Deborah mastered some aspects of LOGO and used 
other concepts that she had not yet mastered. Some of Deborah's learnings were: 

—first and foremost — the Idea of using subprocedures to break a large 
project into a group of small projects. 

—that a subprocedure can have two parts, drawing the object (nose, 
ear) and locating It, and that the same subprocedure (EARS) can be used 
In more than one place. 

—that with patience, even complicated problems can be worked out by 
step by step using a trial and error apprsach (location of nose, location 
and shape of ears). 

—that 90, 30 and 20 are really good numbers to use In combinations (In 
her entire RABBIT procedure Deborah used a iota! of 75 proeedural 
steps. Forty-iiine out of fifty-eight TURTLE commands used inputs of 

SOi 30 or 20.) 

—for the first time, she deyeloped complete confidence In her ability to 
understand what she was doing ("I know what I'm dolngl") while 
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Figurt 4.7 




HAT 

Figure 4,7a 




HAT LITTLEEYES 



Figure 4.7b 



ERIC 




LITTLEEYK FACE 

Figure 4.7c 




2t Efm 

Figure 4.7(1 
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recovering from the frequent errors she made. Perhaps this was really 
the most important learning for Deborah - not just to be in control of a 
learning environment, but to toy she was in control, to feel a sense of 
mastery. To be able to learn from and not be daunted by her own 
mistakes. 

With the completion of her rabbit project, Deborah had almost totally reversed 
her initial feelings of depiiidence and incompetence. She invited her parents, 
teachers and school principal to visit the computer lab, and in many ways, 
demons rated to her visitors and classmates her new found sense of confidence, 
satisfaction and power. 



Here is an annotated copy of the procedures that Deborah developed to solve the 
'^'■'^Nem of drawing a "rabbit" with the computer. 



TO RABBiT 
S HAT 

10 UTTLEEYES 
15 FACE 
20 PENUP 
25 FORWARD 70 
30 FORWARD 3 
35 RIGHT 20 
40 PENDOWN 
45 EARS 
50 RIGHT 90 
55 FORWARD 50 
60 FORWARD 3 
65 FORWARD 60 
70 FORWARD 5 
75 FOWARD 3 
SO RIGHT 90 _ 
85 RIGHT 20 
90 EARS 




RABBIT is Debe/ih's superprocedure 
HAT draws the outside of the head 
LITTLEEYES draws the eyes 
FACE moves from the eyes to t!>r 
center of the head and drsws the nose 

move to the top of the head to draw an ear 
oriento the TURTLE to draw an ear 



draws one ear 



(See Figure 4.7) 
moves over to draw the second ear • 



orients the turtle to draw the second ear 
draws the second ear 



■ 



TO HAT 

I FORWARD SO 
a FORWARD 30 

3 RIGHT 90 

4 FORWARD SO 

5 FORWARD 30 

6 RIGHT 90 

7 FORWARD 90 
a FORWARD 30 

9 RIGHT 90 

10 FORWARD 90 

I I FORWARD 30 
END 



(drawi ■ bm te makt the outside of the 
rabbit't head) 

<Ste FIgwre 47a) 
HAT draws a box of size 120 by 
repeiting FORWARD 90 FORWARD 30 
to mike each side §f the box 



TO LITTLEEYES 

1 RIGHT 90 

2 FORWARD 70"! 

3 FORWARD 12 J 

4 RIGHT 90 
5PENUP 

6 FORWARD 30 

7 PENDOWN 

8 RARC 20 

9 RARC 20 

10 RARC 20 

1 1 RARC 20 

12 PENUP 

13 FORWARD 30"l 

14 FORWARD 30j 

1 5 PENDOWN 

1 6 RARC 20 

1 7 RARC 20 
13 RARC 20 
1 9 RARC 20 
END 



(draws eyes of rabbit) 



moves up the side of the head 

(See Figure 4.7b) 

locates the firs* eye 



draws the first eye 



moves across the head to 
locate the sacond eye 



draws the second eye 
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TO FACE 

1 RARC 20 

2 RARC 20 

3 PENUP 

4 FORWARD 20 

5 FORWARD 10 

6 RIGHT 90 

7 RIGHT 90 
a RIGHT 90 

9 PENDOWN 

10 NOSE 
END 



] 



TO NOSE 

1 RARC 20 

2 RIGHT 90 

3 RIGHT 90 

4 LARC 20 

5 RIGHT 90 

6 RIGHT 90 

7 LARC 20 
a RIGHT 90 

9 RIGHT 90 

10 RARC 20 
END 

TO EARS 

1 FORWARD 90 

2 RIGHT 90 

3 RIGHT 30 

4 RIGHT 20 

5 FORWARD 70 

6 FORWARD 20 

7 RIGHT 20 
END 



(locates and draws nose) 
movis to bottom of eye 

(See Figure 4.^7c) 

moves to center of head 
orients' TURTLE straliht down 

i 

draws n@se 



(draws nose of ra 
draw'i an arc 



TBvwBm the TURTLE 
tracii baek ovar prtviout era 

reveries the TURTLE 
draws second arc 

rivariai the TURTLE 

retraces arCp to riturn 

tht TURTLE to iti stirtlng position 

(draws one ear) 

draws the left hand side of ear 

turns TURTLE total of 140 degrees 

(See Figure 47c) 

draws second side of ear 
orients TURTLE straight down 
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Dennis is a bright, articulate student who makes connections easily, and has a 
strong desire to continually expand his knowledge. He began by being very 
excited about using the computer, asking a lot of questions about what the 
computer ^ould do, and how to accomplish different things. Dennis had a lot of 
dlfficulty-ifitmg into a particular project Although he quickly progressed through 
a number of LOGO activities, he seemed to have difficulty with syntax 
remembering how to WRITE his file, or use a PRINT statement, or ineorperat© 
variables into his work. 

Dennis seemed to understand a concept rather quickly, but to have difficulty with 
the details involved in using the concept He liked to keep all his work "in his 
head," and only gradually accepted the Idea of taking notes that might help him 
with his work. Notes, once taken, were often left lying around the room. Having 
worked out a series of steps to draw a particular figure on the screen, he seemed 
to have difficulty concentrating on the task of accurately translating those steps 
Into a LOGO procedure. 

Dennis eagerly sought new information and asked questions abgut new Ideas^ On 
the other hand, he did not like to ask for help when he encountered difficulties In 
his work — and often rejected "helpful suRgestions," when they were offered. He 
seemed to prefer his own independent, ideosyncratlc ways of doing things, to 
learning more efficient ways from another person. When he was asked, In a pre- 
LOGO interview, "If you're stuck on something In school, what kinds of things do 
you do?" Dennis answered: "I try to control myself to work harder on It, and if 
worse comes to worse (sic) I just sit in the corner and sulk. I just try to deal with 
it." This approach to situations In which he was "stuck" was quite characteristic of 
his work in the LOGO classes. 

One of the areas In which Dennis often had difficulty was taking a series of 
successful steps already worked out on the screen, and translating them into a 
LOGO procedure. He persisted for a long time numbering steps by ones, desjalte 
the fact thaLhe understood Quite well the justification for nu m berLng steps by 
fives or tens. Since he often made mistakes cepying steps, he tf ten had to make 
jaborleus chanies in hln procidures. To compinsate for the problem of for|ettlng 
line, numbers, Dennis usually put many steps on one llni. He persisted In using this 
technique despite numerous grrors which required that iW re-type long lines ©f 
commands. It was more important for Dennis to use his method (numbering by 
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ones, and puttlni many iteps ©n a iinci) than It was for him to have a method that 
made debygglng easier (numbering by tents putting one command on each line, and' 
carefully keepir^ track of the line number). 

It seemed thou^ Dennis eKpected that bugs would not occur — even though he 
contimjed to make small errors throughout his LOGO classes — and that he did not 
have to work In a way that made debueiine easier. The Irony was that he 
understood tH« advantaies, of the suggested methods, but persisted in using his 
own, even though th^ were less successful, and caused him more probiems later. 
It's my funeral,'' he once remarked In such a situation. 

It is sriking to see a bright child persist In strategies known to be unsuccessful, 
when alternative strategies are available. 

Dennis ssemed to be at loose ends during the first few weeks ef computer 
classes. He explored a lot of different Ideas, without settling in to work In one 
particular area, or committing himself to a project. Finally, after a great deal of 
coaxing, he agreed to work on a project wNch the teacher suggested — c moving 
car with spinning ^^irhrtels. He worked on this project for eight classes. Although 
ho had a lot of dliyiculty carrying it out (see below), and was frustrated at several 
pomts, he maintained a strong commitment to the projact until It was completed. 

5-2 DennU* Work In Turtle Geometry With Triangles and VariablBS 

Dennis' work In Turtle Geometry was characterized by an excellent understanding 
of the use of LOGO to create designs, by a good ability to estimate distance, and a 
lot of problems with orientation and estimating angles. 

Dennis worked en a series of short projects Involving triangles. He started with 
drawing a triangle, and continued to make an equilateral triangle, variable sized 
triangles, designs using triangles, and a design consisting of nested triangles. This 
work occupied five different sessions mostly during the early classes, but Including 
on© class near, the end, 

He constructed his first triangle using a trial and error approach. For his first 
attempt at drawing an equilateral triangle he used rotations of 128 and 110 
degrees at the corners. When he copied his steps to make a procedure, TRI, he 
made an arithmetical 'error in combining angles, and wound up with the shape 
shown in Figure 5.1. 
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TO TRI 

1 RIGHT 140 

2 FORWARD 99 

3 LEFT 88 - - - - (trronieus sttp) 

4 BACK 99 

5 LEFT 140 

6 RIGHT 70 

7 FORWARD 99 
END 

Figure 5.1 

Although Donnis realized that this was not what he expected, he drew on previous 
experlense in making a recursive design i§ create the patterned procedure 
ULTRATRI: . 

TO ULTRATRI 

1 TRI 

2 RIGHT SO 

3 ULTRATRI 
END 

Returning to constructing a triangle, Dennis abandoned equal lengths, and produced 
a close appro.'dmation to a triangle. He called his procedure THRI (to distinguish it 
from TRI). 

TO THRI 

1 RIGHT 140 

2 FORWARD 99 

3 RIGHT 130 

4 FORWARD 110 

5 RIGHT 120 

6 FORWARD 93 
END 

Figure 5.2 

At a subsequent clasi, Dennis asked how to make a triangle of variable slie, so 
that he could make a design of nested triangles. The teacher explained that it 
would be simpler to use variabiles neatly if he could make an equilateral triangle, 
and that an equilateral triangle had equal angles at each point With this 
Information, Dennis was able to find the correct angle, 120 degrees, in five or six 
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tries. Dennis called his new precast TWIl, and Nt VM-itbla, "83. 

TO THRIliS3 

1 FORWARD m 

2 RIGHT 12Q 

3 FORWARD iS3 

4 RIGHT 120 

5 FORWARD iS3 

6 Rl^ 120 
END 

Figure 5.3 

Ne^t, Dennis began to make a set of nested trlan|les using the varlable-siEed 
triangle he had already created. He wantad to fflikt a da^gn that looked like tNsi 




Figurt 5.4 

While making it, he had a lot of trouble with the state of the TURTLE; orientation 
of the TURTLE before and after making the trianglej re-orlAntatioh of the TURTLE 
to move it vertically before making the next trlanglei whether the pen wat up or 
down, etc. After struggling through several repetitions, he wanted to give up, 

In the next class, he was rGmlnded that he could make a procedure to repeat the 
group of steps that kept recurring, and he defined these pr^eduresi 
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, TOSECTiSIZE and TO HAL sSIZE 

1 LEFT 90 10 SECT :SIZE 

2 THRIliSIZE 20 HAL sSIZE 

3 RIGHT 90 END 

4 PENUP 

5 BACK 30 and TO HI :SI2E 

6 PENDOWN 10 SECT iSIZE 
END 20 RIGHT 50 

30 HI sSIZE 
END ' 

He was content to leave these procedures as they were without varying the slie, 
but enjoyed the effects of, a variety of Inputs, 






Figure 5.5 

At a later point, Dennis came back to his variable tria«|ie proeedure, and followed 
through with his eriginal intention of making a set of nested iriangles. At that point 
ha had a clearer idea of how to make use of variables, and a good stratefy for 
solving the nested triangle problem. He realized that if he could solve ihe problem 
of nesting a second triangle at the proper position Inside the first trian^e, that the 
cornplete nested design could be drawn by repeating the same process aver and 
over. 
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Figure 5J 



Dehnis realized that the essence 3f the prKets was t§ draw one trlanglei mova 
the TURTLE forward half the length of the triangle, and rotate the TURTLEi befor© 
rapeating the same process with a teaond trianglei half the iiie of the firit 



He had a problerr?! determining how far to rotate the TURTLE befort driwing the 
second triangle. Resolution of this probiem required a great deal of trial and error 
with careful attention to detail. After about ten triet he was ready to settle on a 
rotation of 55 degrees^ as the oorrjet amount to rotate the TURTLE, When he 
looked carefully at the resulting figure, he was able to lee that the two triangles 
were slightly out of alignment His neKt attempt, 60 degrees, was the corrdct 
rotation to produce the affect he was seeking. 

At this point he was able to talk through the neceisary steps. 
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"THRU iSIZE 

move forward half ef iSlIE 
turn RIGHT 60 deirtM, 
• repeat the whole process with a value of OTt NUf of iSlZE" 

His pro€edure became: 

TO Q iSfZE 

10 THRU iSIZE 

20 FORWARD iSI2E/2 

30 RIGHT 60 

40 Q sSIZE/2 

END 

Dennii wanted to make Q stop, "when iSIZE is test ifiun 10.* After some sadltlonal 
conversation about the location of the •top rule In the precedurft, he added tine 35 



35 IF iSIZE < 10 STO? 
which had the desired effect. 

Some things to notice about Dennis' work with triangles and variables: he 
consistently had difficulty with problems of TURTLE orlentitlon, as in making his 
HAL figure or In nesting the smaller triangle Inside the larger one. He had no 
difficulty, with the jdw of variables — which he related to something he was 
familiar with from math class. But he had difficulty with the syntax of using 
variables — where to put the dots, in both tht commands and In the procedural 
titles. He seemed to understand the way in which his preceelures functioned, and 
was able \o see how his descriptions of what he wanted to do translated Into 
LOGO. He never did carry through a project with variables entirely or his own. 

5.3 Gennia* CAR Prelect 

In cless thirteen, the teacher intlsted that Dennis commit himself to a long term 
PrQJfct. He chose to draw a moving car, with spinnlnf wheels. Once committed to 
the project, he followed through on It for eight classoj — despite a good deal of 
frustration with the details. 
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Figure 5.8 

Rathar lhan describe Dennis' work on this project wquentiaHy, wt differentiate 
between those aspects of the work that were Wisy for hirr^ and those that were 
difficult We offer some ipeGulatlon about why so much of this project, which 
would have been simpla and straightforward for a student like Jimmy was 
difficult for btnni^. 

Most of OennlsV problems seemed to be In the arei of "work habits'' gr^ attention 
to detail. Lack of attention to detail, combined with left-right orientation problemi, 
meant that a lot of Dennis' difficulties showed up as TURTLE state bugp^ 

On the other handi Dennis rather easily undirstood the important "ooneipts'* of the 
project! how to use positive and nagative inputs to the SPIN commai^i togetiier 
with a centered circle procedure, to make a wheel that spins around its own 
centen how to use MOVET to move the car; how to use 45 and 60 degree angles 
^ to make the fenders and body of his car; and how to use symmetry to mike hit • 
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front wlnd^ a "reversed" ^,^mm of his rear one. During the sourt e of the 
project he leirned to mai<e im of wtpwile su^^eeeAres fcf eaeh part of Ns 
design, and began to number tiie steps In Ns proce^as by fives. 

In Illustration of both the strcevgths and weaknasfas of Dennis' work on this 
project, consrder the process by wNsh Oenra's made the windows for Ns ear. which 
took three class periods to ROfriMete. . wwi^n 

A^t the end of class #15, Dennis Had completed a series of orocedures that drew 
the basic ou line of the csr as shewn In figure 5.9. Ha want^ the rear window 
located pardlel to the b©^ Of the car. •"aow 



TURTLE here 



window. wanted hire 




Figure S.9 

Two syggestlons were made to help him gat started. First, that he draw the 
window by Itself on an empty screen first, and add It to the car as a separale 
procedure lateri second, that ha look at. the BODY procedure, to find the anrie to 
use for the windows. — 

Looking at the BODY procedure, Dennis quieWy notlesd tl^t the correct angle was 
nf ^HfJ. '^ihen cleared the scretn and easily drew a window, starlSng with 
the T\M\l.E in the upright posltioni . 
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TO WINl 

1 RIGHT 30 FORWARD 60 RIGAt 60 FORWARD 20 RIGHT 90 FORWARD 50 

2 RIGHT 90 FORWARD 50 
END 



With the TURTLE in tha vertical poiitlen, 0mm had ne difficulty turning it right 30 
degraas, going forward and than turning it 60 dagraei to make it horlaontat. It 
seemed as though he made use of the fact that 30 and 80 fldd up to a full 90 
degrees in deciding to use 60 for the second turnp aithough this was never stated. 
The distance estimates were also fairly easy for him to make, The WINl 
procedure left the TURTLE facing horiMnW^ - 

When Dennis attempted to place the window In the cari howevert he did not 
realize that he had to orient the TURTLE vertically before using his WINl 
procedure. As a result, the window kept coming out In the wrong position and 
Dehnis became very confused 

When he came back to working on the wlndoWi he was reminded that to orient his 
window properly he had to begin with the TURTLE In an uprif^t position^ He had 
decided to add another feature to the cari before drawing the window. A curved 
antenna was addedi completing the body, so that the turtlei now In position A| 
needed to move to p^iltion 6 (shown in figure 5.1 1). 



TURTLE start 





Figure 5J0 




Figure SJl 
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After experimentation, estimitlon of iitirtciti, ite., Dennis wrote the follswini 
prociidure: • - ■ 

TO WIP (window in place) 

1 Mb HUBS BUI^ BODY AMT PENUP RIGHT 180 FORWARD 100 RIGHT 90 PORWARD 

SO RIGm* ISO RIGHT 20 FORWARD 10 PENDOWN 

2 WIN! 
END 



This proeedure accurately placed thr turtle In an uprliht position before drawing 
the window. The subproeedure MO rnoved the cir over, so that the entire pieture 
fit on the screen. The other subprecedus'es drew parts of the car. In typing the 
steps Dehnis er(|inally left out two commar^si ANT and PENDOWN. He had to 
retype the ehtif^ pi'ocedyre twice to replace therti; He placed all the steps on 
one line despitp several discusstohs explaining how humbering step and 
placini each step on a different line woyld rinake further corrections and debugging 
easier. 

At the end of the period Dennli forgot to save the procedure on his disk by 
writing a file! He had to repeat the whole process again next time— ■ Including the 
exploration, since he had kept no notes. This tima, he came out with a slightly 
different location for the TURTLE — one which left the TURTLE tilted 1 degree 
from the vertical. 

TO WIP 

10 MO HUBS BUM BODY ANT 

20 RIGHT 180 PENUP FORWARD 100 RIGHT 90 FORWARD 60 FORWARD 10 RIGHT 70 

RIGHT 180 LEFT 45 BACK S LEPT rPINDOWr" " ~ " ~ 
30 PENDOWN WIN 1 
END 

Dennis* final version of WIP shows some Improvtment over what he had previously 
done. The lines are numbered by tens. Each line of WIP has a distinct purpose. 
Line 10 draws all the previous parts of thejari Una 20 moves the TURTLE over 
to draw the wlndowi line 30 df aws thfe Window^ 

He had no problem figuring out how to draw the middle window as a squarei 

TO WIN2 ' 
1 0 PENUP BACK 1 00 RIGHT 90 PENDOWN FORWARD SB RIGHT 90 
FORWARD 55 RIGHT 90 FORWARD 55 RIGHT 90 FORWARD 55 

END 
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CAR Project 



He originally made WIN2 draw a square with sidis of 43. When he decided to 
change to a size of 55, he had to retype all of line 10. 

Before Dennis began to draw WIN3| The teaohir suggiited that he make ute of 
symmetry by using the WIN 1 procedure a$ a modalp and draw the new wip^ow by 
reversing the turns in WINli while keeping all the dlstaneti the same, Dannis 
understood this approach and decided to use It. Once again he forgot that the 
TURTLE had to be vertical before carrying out this aipect of the projeot FinaHy 
he recovered after being reminded to set the TURTLE heading up before reversing 
the steps of WINl, Finally Dennis prodi^ed the procedure WINS: 

TO WIN3 

,10 PENUP BACK 145 PENDOWN RIGHT 90 LEFT 30 FORWARD 60 LEFT 60 
FORWARD 20 LEFT 90 FORWARD 50 LEFT 90 FORWARD 50 

END 

Once again^ Dennii left out PENDOWN in copying thi,$tepi^ and had to redo the 
whole line, The underlined steps are the stsps of WIN! reversed^ although they 
are not set off as a separate sub-procedurei or even accorded a line of their own 
inWINS; 

Throu|hout this process Dennis was constantly fruitrated by hii failure to 
remember where the TURTLE had to be heading at the start of a procedure like - 
WINl; by his failure to take useful notes leading to the omisiton of steps like 
PENDOWNi and by his method of including as many steps as possible on one line 
necessitating the retyping of an entire line, everytlme he made a typing error 
or omission. Although all these problems were pointed out to him by.the teacheri 
along with suggestions for how to alleviate them, Dennis seemed to prefer to 
struggle along with his own methods rather than to ^bother- to take notes or put 
each step on Its own line m a procedure, 

5,4 A Parallei' Between Two Projects, and a Question 

An interesting parallel may be observed between details that Moured In each of 
two projects describeri: making the window for his car, and drawing the nested 

triangles/ 

In drawing the window Dennis started with the TURTLE in an upright position. He 
turned it RIGHT 30, then moved FORWARD 60 and then turned the TURTLE RIGHT 
60, to make the top of the window. All this was done without any explanation — 
following a discussion In which Dennis decidtd to make the window slant at an 



EKLC 



angle of so degrees, to parallel the JODY of hls CAR <see figure &.12a). 



A similar situation occurred when he was making the netted equilateral triangles. 
The first trlanile started in an upright position. AHer completing 
Oennls moved tht. turtle forward half of Its length, and once again, had to turri the 
turtle right 60 degrees. Iri tWs case, he did not "know" that the angle to turn was 
60 degrees, and hid to establish It by means of a triar and error process of 
succeMiye appfeximations (see fig^^ 

The question is — vyhy was Dennis not able to make use of the knowledge he had 
about 60 degree angles In drawir^ the nest^ triangles, when he was able to use 
it in drawing the car window? Possibly he used the fact that 30 + Bp ^ 90, when 
drawing the window. It is interesting to conjecture that he might have been able 
to find the correct angle without experimentation if the first triangle had been 
oriented at an wigte of 10 degrees to the vertical to start with (see fipre S.i%). 




Figure 5. 1 2a Figure 5.12b Fi|ure 5.12c 

5.5. Dennis^ work With Dynaturtle _ 

Dennis' work with Dynaturtle gave an opportunity for him to discover new 
stralogies to solve problems in anothtr domain. The Dynaturtle Ic a simulated 
"Newtonian turtle" whicK follows Newtonian laws of motion, rather than regular 
~TURTLE.commands.(see Part II, Chapter 6). -T^^ the dynaturtle can be 

changed only by giving it a "kick" (impulse) in a given direction. Dennis was given 
two fames to use with the dynaturtle: GAMEl required him to land the dynaturtle 
on a fij^ed target^ LUNER required him to move a "falling" dynaturtle so that It 
landed on a specified "landing pad", rather than "crash" on the moon. (See Part II, 
Chapter 6 of this report for more Information about dynaturtle activities.) 

Dennis worked on dynaturtle activities for all or part of three different classes. 
He graduilly began to show a lot more interest In the messages printed by the 
different game programs than in playing the games themselves. (See section 5.6, 
below.) Dennis' work with the LUNER game was characteristic of his approach to 
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dynamics, The LUNER pme begins with the turtle situated above, and to the left 
of a platform on which it must land for a successful outcoma* The initial 
orientation of the turtle is straight up — as shown in fig, 5,13. If the dynaturtle is 
not kicked, it will "fair' straight down and "crash". (The LUNER program glvss the 
dyhaturtle a steady downward "gravitational "kick " 

Turtle starts falling here 



Unding Pad 
Figure 5.13 

One fairly simple strategy for tlie game would be to quickly turn the dynaturUo 
until it was facing horiiontally to the right, then give (t three or four kicks. The 
combination of rightward velocity and continulni downward acceleration would be 
likely to land it on the pad — dependini on the timing and number of the rightward 
kicks. 

Dennis quickly realized that if left alone, the dynaturtle would fall to the bottom of 
the screen and crash. He discovered that he could counteract this by kicking the 
dynaturtle straight up, temporarily countepacting the gravitational effect, and giving 
the dynaturtle an upward velocity. Most of the time he gave thi dynaturtle so 
many upward kicks that It would rapidly rise off the screen (wrapping around and > 
coming onto the screen again from the bottom.) By the time he started to lurn the 
dynaturtle to the right. It was so far above the landing pad that a slight ri|htward 
motion would cause it to crash far to the right of the pad, 

During his first two d^ys of working with LUNER, Dennis and Harriet worked 
together. She had adopted a strategy of turning the dynaturtle so that It was 
aimed at the landing pa'!, then kicking several times. This usually had the desired 
effect of landing In the right place, although at unneccessarlly high speed. Although 
Dennis watched Harriet at work he did not adopt her strategy when she was 
present. When he worked alone, however, he did adopt e version of Harriet's 
method and was able to be reasonably successful with the LUfyER game. 

Throughout his work with dynaturtle, it was not unusual for Dennis to type the K, 



R, and L k«yi vtry rapidly (kick, right and If fl), without looking at the iffaots ©f 
any ©f his aetlont btfore typlni now 

5.6 Dennlg' WQrk with Printlnft M»ss^^^ Bogrnnlngs of Intaractive 

^ggra tnmm i 

Dennis showed a lot of Interest In using the computer lr» an "Interactive" fashion. 
Although he did not uhdertake a major Interactive project, his continued Interest 
indicated this as a possible future direction for hlh. From time to time, in the 
early stages, he asked about uses of the computer other than Turtle Geometty, 
and was shown little bit about hoW to usi PRINT, arithme^ 
simple list processing; He limited his Initial work with PRINT to making a design of 
a face. " ' 

Dennis devoted one entire class to usli'tg the computer as a typewriter/editor for 
a story he was writlni about Julius Caoiar. He did this by writing a procedure 
with 53 lines, each of which printrt a sentence. In the course of this task, which 
took about two hours, Dennis also mastered the use of Control keys for editing. 

While he was Working with dynaturtle, Dennis became Intereited In the messages 
printed by the computer aU^ These messages told the player 

whether the landing had been soft, rough or a crash, depending on the dynatur tie's 
speed at the mcment of impact. Ha complained that these messages were "dumb", 
and the teacher suggested that he change them. He stepped through the LUNER 
procedure,, and all its subprocedures, until he found the subprocedure FINISH, 
which printed the messages, Dennis spent almost all of one period creating Ns 
own rather elaborate version of these messages^ 

TD FINISH 

10 IF SPFED < 7 Pmm [WOWIEEEiniYOU FINALLY DID IT MY GOD YOUR SPIED 
WASGOODJPRSPEIDSTOP , 
20 IF SPEED < 25 PRINT [YOU ROTTEN LOUSY NO GOOD PLAYER YOUR SPEED WAS 
SO FAST I'M SURPRISED I'M NOT PEELING YOUR BODY OFF OF THE LANDING PAD A 

SECOND GRADER WITH THE BRAINS OF AN AMOEBA COULD 00 BETTER THAN YOU JUS 
T DID !!!!! TRY AGIAN OUMMYI!!] PRESPEED STOP 

30 PRINT (HAIHAlHA! YOU STUPID IGNORANT DUMP REALLY DUMB PLAYER!!!! 
YOU DIDN'T LISTIN TO ANYTHING I SAID YOU CRASHED!!! YES YOU CRASHED!!! 
COyON NOW KLUTZO TRY AGIAN HA!HA!HA!HAAAAA!!! HEH HEH HEE HO!!!! 
' !!HEH HEH HEH HEH I!!!] PRSPEED STOP 

Throughout his work on thse messages, Dennis appeared, to be more deeply 
involved with his work than he did on Turtle Geometry projects. He laughed, 
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A Story Procedure 



TO GJC 

1 PRINT C'THE COOL HEFlDED MAN OF QENIUS WITH AN ERRflTIC VEIN OF 3 

2 PRINT CSEMUflL EXUBERHNCE. UNDOUBTEDLV CHflNQED THE COURSE 3 

3 PRINT EOF HISTORV FIT THE WESTERN END OF THE OLD WORLD'S 3 

4 PRINT CR QUOTE FROM THE ENCVCLOPlDlfi BRITRNNICfi BEST3 

5 PRINT CPOTRHVS GRIUS JULIUS CRESfiR ON THE WHOLE. 3 

6 PRINT C 3 ■ . 

7 PRINT dCRGSFlR DID fi LOT OF THINQS IN HIS TIME. EVERVTHINQ 3 

8 PRXNT CFROM WRITING HIS "COMMENTERIES" TO CflMPfllQNINQ IN 3 
H PRINT CQflUL. BRITlfl'N. AND MRNV OTHER PROVINCES. HE UPDATED 3 

10 PRINT CTHE ROMRN CELENDflR WITH HIS JULIAN CALENDflR THAT IS QUITE: 

11 PRINT CflCCURRTE. CAESAR IS SAID TO HAVE BEEN BORN IN 100 B. C. 3 

12 PRINT CTHE 12 OR 13 OF JULVj HE WAS BORN IN THE ROMAN MONTH 3 

13 PRINT CQUIHTILIS THAT WRS CHANGED TO JULV IN HIS HONOR. 3 

14 PRINT C 3 

15 PRINT CCRESRR WENT INTO POLITICS AS THE COUf^SE OF THINQS 3 

16 PRINT C.RND HIS EKPECTRTOINS OF QOINQ TOO FAR RT FIRST 3 

17 PRINT CWERE NOT TOO HIGH. IN 69 B.C. CflESAR WRS VOTED 3 
IS PRINT CC1UERST0R <FIRST STEP IN ROMAN POLITICS?. IN 3 

19 PRINT CRROUNO 63 HE WAS VOTED AS A HIGH PRIEST. AND 3 
?« PRINT flN €Z CflESAR WAS MRDE PRRETOR <HE WISHED HE 3 
i-t PRINT CQO HIGHER?. AND THEN IN 60 HE TRIED FOR THE 3 

22 PRINT CCOUNSULSHIP AND WON. 3 

23 PRINT C 3 

24 PRINT CIN 84 BEFORE POLITICRL POWER CAESAR MARRIED CORNELIA 3 
2? PRINT A DAUGHTER OF LUCIUS CORNELIA CINWA < A NOBLE OF 3 

56 PRINT CQfllUS riflRIUS''S fiSSOCIflTES>. BUT LCI US CORNELIUS SULLA 3 
2? PRINT CCA POLITICAL FIGURE IN ROME AND A VIuaOUS 0PP0NENT3 

28 PRINT EOF MflRIS'S? ORDERED THE DIVORCE OF CAESAR AND CORNELIAS 

29 PRINT C CflESAR DIDN^T LISTEN TO SULLA AND FOUGHT IN ASIA FOR 3 

30 PRINT CTHE ROMflN flRflV, HE THEN CAME BACK WHEN IN 78 SULLA DIED 3 

31 PRINT C. THAT WAS THE SAME VEARHIS WIFE DIED. 3 

32 PRINT CD • 

33 PRINT C ". . . . AN ERRATIC VEIN OF SEXUAL EXUBARENCE". MEAN1NQ3 

34 PRINT CHE PROBRBLV DIDN^T ONLV FOOL AROUND WITH HIS WIFE. 3 

35 PRINT C IT APPEARS THAT CAESRR^S SEXUAL ESCflPDES WERE QUITE3 

36 PRINT CFRR FETCHED EVEN FOR GREEK AND ROMflN STANDARDS. 3 

37 PRINT CHE DANGEROUSLV HAD AFFIARS WITH POMPEV^S WIFE .fiND3 

38 PRINT C CLEOPATRA THE QUEEN OF RLEXANDREA. VOU WOULDN'T THINK 3 

39 PRINT CTHAT SUCH fl MAN OF THE LADIES WOULD HAVE HOMO-SEXUAL 3 

40 PRINT C RELATIONSHIPS .BUT IT IS RUMORED THAT THIS WRS TRUE 3 

41 PRINT CWITH KING NICOMEDES OF BITHVNIfl. 3 

42 PRINT C 3 ! 

43 PRINT C CflESAR WRS KNOWN TO GO ON TO FIGHT MANV GREAT FAMOUS 3 

44 PRINT C BATTLES IN QAUL WHERE HIS LOVRLTV TO HIS TROOPS fiND3 

45 PRINT CPRISOERS OF WAR WAS GREAT. HE FOUGHT BATTLES IN BR IT AN 3 

46 PRINT CBIJT THIS HIROIC CAREER ENDED BV MURDER AND NOTHING BEST 3 

47 PRINT CDISCRIBES THIS THAN THE TWO ITEMS I HAVE HERE: 3 
49 PRINT C 3 

49 PRINT C a 

■^0 PRINT CIF THE GREAT CflESAR HAD NOT DIED HE WOULD HE MIGHT HAVE 3 

PR CLflST^D 10 OR 15 VEARS DUE TO A FEW EPILEPTIC SEIZURES. 3 
>^.2 PR CHE WAS fl GREAT MAN AND HE DID GREAT THINQS FOR ROME AND HE 3 
"»f'3 P-R CHILL flLWRVS BE REMEMBERED. 3 
*>eND . 

Er|c Flg^ 5.14 



talked to himself cK9erfully, ard thought cartfully •bout sach word W« may also 
speeu^atei that the WordIM Ir oheto for thi mtnagta Indicate a lack of self- 
confidence in his own Abilities, cofflbihod With a strahg belief that he should be 
more successful than hi Is. 

One Inierestini consequence of. Oennis* work on messages for the LUNER game 
was that he beeame much more Interested Inianding the %naturtle on the larwling 
pa^, slniee this waff required to adivate the messages. He became quite 
successful at the LLINER game from tNs p« 

By the time the classes ended, Dehnis was ready to tackle a large Intoractlve 
project. He may do so if he has a VurtHer opportwUty to use a computer. 

As his last Mtivity, on the last day of classes Dennit left a message for the MIT 
LOGO Groupi in his procedure AA^RTSi 

TO WERTS , 

10 PRINT [WELL ITS NOW A FiMAL GOODBYE TO LOGO, SO WHEN ALL THE EGGHE 
AOS AT MIT LOOK AT MY DISK I WANT THEM TO KNOW I HAD A Uimm'l • HE 
LL OF A TIME] 
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6, Donald 



ponald, a student who was new to the school this year, is considerad to have 
"above average ability" by his taachers. His most recent National achievement 
test scores place him in the 73rd percentile as compared to National Norms. His 
work in the LOGO classes was characterized by a good understanding of formal 
approaches to problem solving, combined with some difficulty understanding details 
of geometry. He was especially good at naming procedures an^subprpcedures, 
using and understanding top-down planning, making use of mathematipafranalysls In 
planning his work, and understanding the function of conditionals and^||!^ rules. At 
the same time, he tended to have difficulties working "experiments^" with Turtle 
Geometry — often not quite sure where the TURTLE would move neKt. 

6.i Donald*s Working Style 

Throughout his work Donald was extremely receptive to su||estions from the 
teacher, often making use of new ideas before he fully understood them. In this 
way, he was abN to incorporate into his way of working, strategies that would' 
continue to prove useful, as he graclually came to understand them through use In 
more than one context He seemftd to have the confidence that he could make use 
of the teacher's suggestions effectively and that he would (eventually understand 
them, even If the concepts were a bit hazy at first. 

Donald spent most of his cIms time on one long^arm project; making tha 
eomputer draw an-alaborate headi which includad a baard, hair, a hat and a flower, 
in additiov Jo the usual ftaturas: eyes, tars, nota and mouth. He worked for 
twelve class periods on this project Ha began by drawing a picture of what ha 
wanted the head to lool< like, and following the taaehfr'i suggtition, wrote out a 
suparproeedure to draw the head, using iubproceduras to add each of the 
features. In the course of his work, Donald had to estimate distancei and angles, 
use arc and circle procedures, use procedures that repeat, use variables to control 
size and angles, and especially, learn to ieparate a problem into parts, to make it 
easier to solve. In addition, he used a reeurslve POLY procedure with a stop rule 
to make a flower for his head. 

Throughout his work, Donald had difficulty underitanding the effect of the state of 
the TURTLE at any given time, He could not always predict where the ne^t step 
would occur. At times it seamed as if he had dl?flculty seeing exactly where the 
TURTLE was headed The teaching strategy employed to help Donald deal with 
these problems, was to help him develop tools of mathematical analysis in order to 
figure out the best way to aim the TURTLE, without relying totally on 
experimentatioa He was shown how to use a kind of "grid" to help him maneuver 



Si^TTr^ ""'^"^ ^ ^ to Uli thi total angle already turned by the 

ll^TLE ia 9 flyan situation, to dte^^^^ it ,iext. In 

addition, he was shown how to break up even a small problem Into parts. In 
placing alneulh on his face, for extomRle, he was able to separate the problem Into 
I L '^^ Pe'nt for the mouth, the orientation of the 

TURTLE before dravying the moyth, and which size arc to use. Thus, he was helped 
to overcome obstacles that miiht have Interfered with his success while learning 
principles of geometry, computer proiramfnln|, dM^^ 

6.2 An Early Example af Danald'e App rgMh to '^ ypblem Solving 

As an example of both the strengths and weiknesses associated with Donald's 
structured planning approach as well as of his difficulty with visual approaches to 
problem solving, we consider his censtruetlon of a "house" from a square and a 
Iriangle, a common LOGO tMk, tackled by manyitudents at an early stage of their 
LOGO Experience. 

At first Donald attempted an expleratory approach to solving this problem. He 
began fay drawing a triangle on the screen, making use of TRI, a state transparent 
equilateral triangle procedures 



Given a TRIANGLE procedure 



Donald spent a class period 
trying to add a BOX to It 
like this : 




Figure 6.1 



Figure 6.2 



Donald's basic strategy Wis to try to get the TURTLE to point A of the triangle, 
and then use his BOX procedure. (BOK made a square by turninf right.) He had 
difficulty figuring out how to orient the TURTLE properly. Although he came ciose 
by trial ard error, hi had not kept notes, and did not realize how close he was. 



78 



ponatd 



as 



Approach to Problem Solvln^i 



Donald's dlffieulty was due to ths fact that ha hid tstablfshtd an awkward 
framtwork for the problem. He started with the initial orientation of the trianila. 
Ha then had to deal with t^ disorienlationi — the problem of the '"gap" between 
the TRI and BOX proeeduresi and the tilted orientation of the whole ihape. When 
it was suggested that Donald make a plan by drawing a ptetire of the houie he 
was trying to constructi he drew a tilted houie! 




Figure 6 J 



The solution that was suggefted to him at the next class was to drop the plan 
which started with the triangle and to begin again, startinrwith the BOX. Once 
did this, ha was able to analyie the problem In a w^y that made it unnecessary to 
rotate the TURTLE to place the trlangla on the BOK He simply moved the TURTUE 
to the upper right hand corner of the BOXp turned It around and used the TRI 
procedura, so that the first leg of the triangii was along the top of the BOX, 



TO HOUSE 

1 BOK 

2 AIGBT 90 

3 FOHWARD 100 

4 RiCirr 90 

0 FORWiUlD 100 

6 RIGIIT 00 

7 mom 90 

a rhi 

END 




Figure 6.4 
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6.3 Donald's HEAD Projeet 

Donald's majoi* project, wNch lastsd for four WMks and ^upied twelve olast 
periods, wts to mtke a man*s faee, connate with bsard^ hnr, hat and flower. He 
began by drswlrtg the following pteture in Ms notf^fS^ at the be^rm^ cla«is 9. 




Figure fiJ 

After working on the projeet for a few d^s he modiflMl his plan somewhat, arKj 
drew this pict^e, which simplified the earii and the hair, and a^^ a moustache; 
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Planning a Head 




Figure 6.6 

His completed project, shown in figure 6.7, looked almost exactly like his secsnd 
plan (with the exception of the mnustsche). 
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, Figure 6.7 

Denald began by ipending ene period trylni to draw the sntire head as a long 
series of direct commands. At the next class ha and the teacher sat down 
together and developed a framework for doing the problem by breaking it Into 
smaller parts. A superprocedure was written to serve as both an overall plan for 
solving the problem, and as a procedure for drawing the head Donald Included in 
his initial sMperprocedure the ^m^^ featurei which he intended t6 include 

in the head. Additional features, such as the ears, hat ar^ flower, were left to be 
added later. Donald's original superprocedure wasi 

TO HEAD 

1 BOX , 

2 EYES I 

3 NOSE 

4 MOLITH 

5 BEARD 

6 HAIR 
END 

. U^ing a supirproaedure, and top-down planning was a major breakthroygh for 
Donald. It meant he could concentrate on one step at a time, and not worry about 
having to lose or erpe the picture of What had gone before. It allowed him to 
keep track of bcth his overall goal, and of exactly what he had accomplished at 
every sfage of his work. After completing the EYES and NOSE, for exam^i^ wtien 
Donald gaive the command HEADi t^^ the head, In Its 

incamptete state (tee figure 6. 1 0) and prini the followinf messagei 



YOU HAVENI' TOLD ME HOW TO MOUTH 
At LEVEL 1 LINE 4 IN HEAD 



Po"ald 67 Donald's HEAD Procedures 



Donald's problem of building the head was thus reduced to a mr'mi of separate 
problems, which could each be solved in turn. For each feature, EYES, NOSE, 
MOUTH, etc., Donald had to figure out where to locate the TURTLE to begin 
drawing the feature, and the steps necessary to draw the feature Itself. In some 
cases < MOUTH, BEARD, and HAT, for example), these two aspects of the problem 
were closely Iriterrelated. In others {EYES, NOSE, HAIR, EARS) the location of the 
feature was relatively independent from the steps necesstry to draw it. 

To show how Donald solved the problem of building a head, we will first present 
his overall solution, Including his superprocedure and each of his sub-procedures. 
The procedures are annotated to show exactly how the solution was achieved. 
Donald's work In developing a few of his key subprocedures, MOUTH BEARD and 
HAT, will be analyzed In detail, to give a sense of how Donald worked on speGifIc 
problems in a step by step fashion. 

Here are Donald's annotated HEAD procedures; 



TO HEAD 
! BOX 

2 EYES 

3 rosE 

4 MOUTH 

5 BEARD 

6 HAIR 
70 EARS 
80 HAT 

85 FLOWER 
END 



(HEAD is the superprocedure) 
The subprocedure, BOX, draws the 
outside of the head. The purposes 
of the other subprocedures are „ 
clearly indicated by their names. 
Donald originally wrote the pro- 
cedure up to line 6. Lines 70, 
SO and 85 were added later. 
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TO BOX 

1 FORWARD 100 

2 RIGHT 90 

3 FORWARD 100 

4 RIGHT 90 

5 FORWARD 100 

6 RIGHT 90 

7 FORWARD 100 
END 



BOX draws a square with 
sides of 100. 




Figure 8.8 
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Donald 6.8 Denalcri HEAD Procgdures 



TO EYES 

1 RIGHT SO 

2 FORWARD 75 

3 RIGHT 90 
4PENUP 

5 FORWARD 30 

6 PENDOWN 

7 RCIRCLE 10 

8 PENUP 

9 FORWARD 40 

10 PENDOWN 

1 1 RCIRCLE 10 
END 



TO NOSE, 

1 PENUP 

2 BACK 20 

3 RIGHT 90 

4 FORWARD 30 

5 PENDOWN 

6 RIGHT 30 

7 FORWARD 15 

8 LEFT 120 

9 FORWARD 15 
END 



TO MOUTH 

1 PENUP 

2 FORWARD 20 

3 RIGHT 135 

4 PENDOWN 

5 RARC 40 
END 



(EYES be0n§ where BOK leaves sff) 
moves TLWTLE to face up 
moves inward along the box 



moves over ts #aw first eye 
draws first eye 

moves over to draw seowd eye 
draws second eye 

(begins where BOX ends) 

moves over and down to position 
the TURTLE to ^aw the nose 

draws the nose 



(MOUTH begins where NOSE erate) 



moves over to starting 
sets starring angle for mouth 

draws ars for moyth 




FIgLre 6.9 




Figure 6.10 




Figure 6.11 
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DonaLJs HEAD Prgcedures 



TO BEARD 

10 PENUP 

20 RIGHT 45 

30 FORWARD 69 

40 RIGHT 90 

50 FORWARD 20 

60 RIGHT SO 

70 RIGHT 15 

80 REPEAT [STRING] 15 

END . 

TO STRING 

1 PENUP 

2 FORWARD SO 

3 PENDOWN 

4 FORWARD 10 

5 PENUP 

6 BACK 90 

7 LEFT 2 
END' 



(BEARD begins whare MOUTH ends) 

rotates TURTLE straight up 
moves to top of head 
moves to center of head 

orients TURTLE to start 
drawing beard 

draws beard by repeating STRING 1 5 tlmtts 

(STRING Is a subprocedure of BEARD) 

moves TURTLE forward with pen up 

moves TURTLE forward with pen down 

moves back total distance with pen up 
turns TURTLE LEFT 2 to set up next 
STRING 




TO HAIR 

10 RIGHT 15 

20 BACK'S 

30 RIGHT 90 

40 FORWARD 50 

50 LEFT 90 

60 REPEAT [HAIRY] 25 

END 



Figut'C' 6.12 



(HAIR begins where BEARD ends) 



reorients TURTLE, and moves over 
to upper right hand corner of 
the head to draw tha hair 

draws hair by repeating HAIRY 
25 times 
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Donald's HEAD Proeedures 



TO HAIRY 
S PENDOWN 
10 FORWARD 10 
20 PENUP 
30 BACK 10 
40 LEFT 90 
SO FORWARD 4 
60 RIGHT 90 
END 

TO EARS 

10 FORWARD 30 

20 LEFT 90 

30 PENDOWN 

40 EAR 

50 PENUP 

60 FORWARD !00 

70 PENDOWN 

SO EAR 

END 



TO EAR 

10 FORWARD 10 
20 RIGHT 90 
30 FORWARD 10 
40 RIGHT 90 
50 FORWARD 10 
END 

TO HAT 

10 LEFT 90 

20 FORWARD 30 

30 LEFT 90 

40 FORWARD 20 

50'B.^CK 140 

60 FORWARD 35 

70 LBOX 75 

79 

END 



(HAIRY l§ a subprosedurfl of HAIR) 
moves forward and back to draw a hair 



moves ovsr and reorients TURTLE to draw 
the nmd hair 



(EARS starti where HAIR er^t) 

moves down the side of the head 

to draw the first ear 

subprocedire EAR draws the first ear 

moves the TURTLE across the head 

subprocedure EAR draws second esr 



(EAR is a subprocedure of EARS) 




Fiaure 6.14 



draws a three-sided box to make m "ear* 



(HAT begins where EARS ends) 

moves TURTLE to t^p of head mvi 
over to riiht hand corner ■"TllllllllllllllllliffiF" 



moves forward to start hat 
subprocedure LBOK iSIZE draws 
a boH with sides of 75 




FIgura 6.15 
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DonalcTs HEAD Procedurea 



TO LBOX :SIZE 

1 FORWARD .-SIZE 

2 RIGHr 90 

3 FORWARD :SiZE 

4 RIGHT 90 

5 FORWARD iSIZE 
G RIRHT 90 

7 FORWARD 'SIZE 
END 

TO FLOWER 
10 RIGHT 90 
20 FORWARD 35 
30 RIGHT 90 
40 RARC 75 
50 LEFT sfO 
60 BACK 5 
70 POLY 10 100 
END 



(LBOK Is used as a subprocf dure 
of HAT) 



LBOK draws a box of variable size 



(Flower starts where HAT ends) 



Imoves over ind orients TURTLE 
to start drawing tha flower ^ 
draws the stem of the flower 
centers the flower on the stem 

draws the actual "flower" 




Figure 6.7 



In developing each of the subprocedures outlined above, Donald had to solvg iw© 
related problems: how to use TURTLE commands to draw the leoti^'e, and where 
to place the TURTLE beiore starting to draw the featum A$ ht worked, Donalcl 
created each feature in the order listed In the superprocadive, HEAD Th? 
subprocedure for. each new feature had to begin where the previous one left off. 
Each new feature presented a new challenie, and since Donald had difficulty 
solving problems by experimentation alonej he needed to deveiop analytical skills 
in order to divide eaeh of his subprocedures into its sub-parts, and to solve each 
sub part. Donald's work in drawing three key features, the mouth, beard arici hat, 
will now be discussed in order to illustrate the problema he encount,dred araJ the 
analylical skills ha developed to resolve them. 

Donald decided to use an arc procedure io draw the mouth on his head (ate figure 
6.11). In order to place the mouth en the, face In a symmetrical poSEtlen, OomM had 
to coordinate four different espects of the problemi 

— where to place the TURTLE in order to draw the mouth 

— at which angle to orient the TURTLE to draw the mouth 
" the si ze of the Input to be used with the arc proci^di/e 

— whether to use a rjght or left turning arc procedure. 
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Donaltfs HEAD Proetdures 



Donald spent most cf ont ptrled Mperlmtntlnf unsuccessfully, varying these 
elements In an uncoordinated way. The teacher than suggested working separately 
on the different aspects of the problem to facilitate a solution. It was also 
sufgestrd that Donald c!aar the sureen and work on the mouth by Itself, without 
the rei'it of the f8c« ta simplify the prMess. 

M the ^beginning of the ne^t period, Dona'd aat dowri with the teacher for a 
"lesson" on the feometry of quorter arcs. Since Donald knM that four arcs made 
a complete circle and that the TUftTLE turned through ?30 dagrees In completing a 
circle, he realized through dicsusolon, that each arc pro«idure turned the TURTLE 
90 degrees. Uilng this fact, and taking note of the horliontal position of the 
TURTLE after finishing drawing the nose (figure 6.10), he was able to figure out 
that the TURTLE had to be turned through an angle of 135 degrees to orient It so 
that It ^guld draw a symmetrical curve. 



Once he understood how to orient the TURTLE, It was easy for Donald to 
determine a size m the mouth that corresponded with the other features of his 
head, and to locate the starting point far the mouth by trial and error. He did this 
by moving the TURTLE over from where the rsofcs ended, until the arc was 
positioned symmetrically In the center of the head (ssa fipre 6.11). 

In spder to draw a beard on his head, Don«ld als^ had i t scpar«ta his prcblem Into 
three different aspests: 

—how ta draw the bmr4 



—where to locit© arlynt the TURTLE to draw ihe baard 

— hov^ to move the TURTLE to thai polht, from the point where the MOUTH 
subprocedure enddd. 




Figure 6.16 
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Drawin g tha RftaM * 



acceplid' The tardTi^ r I 7*""°" D'n'K* 

awwfepiea, me beard was to be drawn as a ser us of "iihM" di fim^^^ii^^ < 

^le pomt As the TURTLE moved. It kept its pan up ^^fj^t^^' 
the pen down only to draw the "hair" of the beard (Figure 6.1^ 



PENUP 



PENDOWN 



I i 



STRING REPEAT [STRING] 15 

Figure 6.17 

P^r^tH focedure STRING, Donald decided how long the PENUP and 
PENDlWN portions of the line would be, as well m- how mSch to rot^ the 
TURTLE each time the line was repeatid. Once mkm was define4 he had to 
figure out how many repeats he wanted, i.:^ well as how to orient the TURTLE to 

lUKiLt NIUHT 15 (from a straight down position) di d repeated STRING 15 time- 
he would get a symmetrical beard (See fi|ure 6.r/^. 

Now Donald had to ce^iter the TURTLE at th« top of the head, In order to draw the 
beard on the face. (The TURTLE was oriented al an angle of 4S degrees to the 
horizontal after drawing the mouth. See f-gure 6.11). A* first Donsid tried to 
orient it vertically by trigl and error - but hn4 Jffjcultv finding the correct anglo 
A short geometry lesson helped him realise that tna TURTLE needed an ^Itiona! 
roiaJian of 45 degrees to be hoadlng in the proper direction. From that point he 
was able to easily center the clrclo on the top of his head. He found that he still 
needed to move It a distance of ten TURTLE steps below the top of th^ he»l In 
order to locate the beard properly below the mouth. Tha stepci required' Ic 
accomplish this are given in hfe procedure BEARD , 
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Drawing the Hat 



In placing a hat m the htsd, Do.iald oRce s^'n had to coordinate several related 
facters: 

—the size of thii box nBeded to draw the hat itself 



—the overall width of the brim 



—the distance the TURTLE had to move In from the edge of the brim 
beforfi drawing the box, In order to mke it symmetrical. 



This time Donald worked out the problem on his ov^n, using a vanable box 
procedure, LMiH jSIZE, that he had developed at an earlier stage of his work. 
Once ai^in, Donald had difficulty coordinating all the variables. This .le, he 
invented a kind of "coordinate system" to help him keep track of what he was 
doing; after emh try he counted the "hairs" on both sides of his hat to see If it 
was centered. Althe^ugh his final result was not exactly syiiimetricaj he was able 
to obtai^i a satisfactory solution using this approach (see figure 6.15). 

6,4 Conciusii&ii 

In summarizing Donald's work we note ihat his was the longest and most involved 
Turtle Geometry project undertaken by any of the children in our trial classes. By 
using the top-down mode of operation, he was able to understand both the overall 
goal, and where he was In the process at any particular momant. Thus he was 
able to rueet each challenge as just one smpll problem to be overcome, so that hs 
did not bec&me discouraged about the whole project. 

In the cQursB of his work Donald encountered estimation of distances and angles, 
the gmomtiiry of arcs and ciicles, the total turtle trip theorem, and the u' of both 
grid-based and inirlnsic cooi'dinate systems. He learned to usr subprocewures and 
cub-subprocedures, to use patterned procedures miking use of a REPEAT 
command, to make use of varlabls;* Ij control the Bim and shape bt his "hat" and 
"flower" end to use a PDLY procedure with o conditional stop rt'le. Althoygh 
Donald only "'earned" these app>roiche« to the extent essary to solva the 
particular prableiiis inhorenl in his prsfiecl, etih succeeding us* of the samo 
concept, r#jrtf«<«>^ his exposure it, H^Bpftjilni .Ns sense of mml&ry. 

Perhaps the most striking thing about Donald*R work was that ha was not usually 
able to solve his problems by experimenifition and visual examination of th« 
resdtf. From Ws first TOUSE ppccedure, right through the HEAD, al! the way to 
the FLOWER he ma<,<« uae of analysNt c^birwid with ekperimentatlon fo solve his 
problems, m often ni^'tded htip wllh thai aoilyslfi, but he urtqerstood the 
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analytical techniques lie was shown and he was able to make use of them. 
Scaltered throuihout his notebook are little drawings on graph paper, either by 
Donald or the teacher, showing how hs analyzed his work. It was his refular use 
of drawings like these that distinguished Donald's work from that of Ws classmates. 
A few of them are presented here in figure 6.18. 
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7. Gary 



Gary is considered to be "axtramtly bright* by his taachers. On hi§ nMh 
grade schaol achiavament tests his ovarall score placed him in the 83rd 
percentile. His teachers report thit they find it difficult to find ways to 
challenge him within his re|ular school programi while at the same time 
reporting "peculiar gaps" In his academic knowledge in the area of 
standard arithmetical tkills, for eKample, 

Gary found LOGO to be an exciting challenge. He worked on four major 
projects each of which led to significant new learning in different ireass 
using arcs and circles to draw a face; creating a simple math quiz; drawing 
and animating a starshlp; and writing a computer program capable of 
"understanding" Morse Coda. During the course of his work, Gtry mastered 
the use of recursion and variables in a number of different contexti; he 
understood the use of condltionali and "branching"; he learned to write state 
transparent praceduresp and to use superprocedures with modulir 
subprocedures. In his last project he wet beginning to make use of recurilon 
m list and word processing, and learned the concepts of "empty list" and 
"empty word" 

The teaching strategy used with Gsry was to offer him simple models of a 
particular kind of procadurei give him the information he needed, and leave 
him alone to elaborace on the model, providing help only when asked. When 
one phase of a project was fini^Sad, additional chalknges were suggeitad 
©ccasionaMy he was asked lo alter or improve his work In this way, Gary 
was able to move ahead on his own, at as fast a rate at ha wanted. 

1, Gary's Working Style 

Of all our experimentt^ .tybjegti, Gary, wh§ had had rome prior eKposyre to 
computers, seemed the most predispoied to succass in LOCI, He combined a 
strong interest In computers with a learning style th^^ . ^-^impassed both 
analytical and triahand-error approaches. He absorbad naiv jaas voraciously, 
and rarely had to be shown samething twice. He tackled OKlieCiioly ambitious 
projactip and always stsyed with a projaet until some kind of completl;^n was 
achieved. 

Pary s work dfemonstrrftid some clear charaeteristi^y tiiat sat h!m apart from most 
of the other studentsi QHfi' easily understood the use of a procadure as an 
entityj recognizing the usefulneio of naming a ^aHes of steps, and thftreaftar* 
considering them as a "'ynit"i he often wrote procadures without trying out the 
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stepi li^ividually flrtt, recogniiinf that ihe w,m of stfips could be considered to 
have a "total effect," as though it ware a ?jRgij. ^mmand. 

Gary had faith in his ability to solve prebltms by reasoning as well as trial-and- 
error. He was constantly trying things out "in hii head", making use of a number 
of "abstract principlss" to simplify and debug his work as he went along. A series 
of FORWARD and BACK commands would easily be combined into one command. 
Left/right reversibility would be u»ed to correct an error. At one point, for 
example, Gary had typed RIGHT 99, and realized from the effect that he should 
have used LEFT 99. He then used the computer to add 99 + 39, and typed LEFT 
1 98. In writing his procedure laterj. .he simply used the correct ce nmand LEFT t J. 
without ever having tried it explicitly. 

Gary tended to "plunge Into a problem" Impetuously, with very little advance 
planning, drawing on a quick analysis, based on partially understood ideas. Ha 
then enjoyed the process of debugilng his original Idea, or of moving in a new 
direction, if his result wes significantly different from v/hat he had intended. In 
the first class, Gary noticed that repeating a simple three step procedure made a 
"pattern" that looked something like a "circle" When another student suggested 
making a smaller circle Inside the first one, Gary started a sma«l Investigation of 
curvature. He began to make a new circle by using the same procedure with 
smaHer Ifiputs. When his new circle came out larger than the original one, Gary 
was surprised and dtlighted. He then tested another approach -- make all the 
Inputs exactly half of the originti, which led to a "circle" of almost the same siie 
as his first one. And so on, until ne had tried many variations. 

Gary usually worked in a step-by-step fashion, rather than plan his work in 
advance. While he fenerally had an overan idea of what he was trying to do, he 
tended to Incorporate subprocedures one after another, rather than to break 
down his problem Into parts and plan his subprocedgres in advance. He showed 
that he was capable of using a more structured approach. When he was asked by 
his teacher to rewrite his STAR^HIP pre, dure, he created a set of simple 
modular iubprocedures to draw the etsrship, 

Gary often sought out bugs, testing for extreme cituatlonsi the largest possible 
inputs, the lergeit number of REPEATs, aituationR which would produce error 
messages, as a way of urderstandlng .both the capabilities and limitations of the 
computer, beyond the needs of any specific project on which he was working. 

Gary's work w»9 goal-directed and ambitious. During his seven weeks of LOGO 
classes he worked on four major projects. While he enjoyed brief detours, such 
as the "circit" exploration described abevi, his work was usually directed quite 
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Gary: Drawing a Fage 



specifically at his particular immediate goal. Between projects, he often appeared 
to be re8tlessi once a new task was selected, he was off and running again. 

2. Garv^s FACE Proieet 

Gary*s first project was to draw a complicated "face" built from a large number of 
subprocedures. The project involved learning to use superprocedures, 
subprocedures, and a great deal of Turtle Geometry. Gary used functional 
procedure names, abbreviated procedure names, and "nonsense" name% all In a 
rather elaborate acheme to "hide" the sub-procedures which actually "did the 
job". This complex hlefarchy of subprocedures was extremely difflcuU for Gary 
himself to debug, and he often had to trace through the entire "tree gtruclure" nf 
his project to find a bug in a particular procedure. 

FACE 
I 

ENM 




EYES ^ NOSE ^MOUTH 

J ' f 

F006 F007 F008 

F005 

In carrying out his FACE project Gary quickly developed a facility with Turtle 
Geometry: basic TURTLE commandsi RIGHT/LEFT reversibilltyi mastery of 90 
degree angles; the leometry of arcs and circlesi and the use of an Impried axis 
of symmetry. Although Ws design was symmetrica!, it was not constructed by 
simply reversing RIGHT/LEFT commands to make It symmetrical ibout Its center. 
Gary's more complex method involved working "from the outside. In." To draw 
the eyes, for instance, Gary moved the TURTLE to the outside of the Hght-hand 
circle and dr^w the circle. Then he calculated the distance cf two diameters, 
moved the TURTLE to the Qutslde of the left-hand circle, and drew that circle. 
(See Figure 7.1, and Gary's procedure, F006). 
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TO FACE 

10 wm 

END 



TO NOSE 
1 FQ07 
END 
END 



TO El 
10 EN 
20 M 
END 



TO EYES 

1 Fooa 

END 



TO FOGS 

1 F005 

2 PENUP 

3 LEFT 90 

4 FORWARD SO 

5 PENDOWN 

6 RIGHT 90 

7 RCIRCLE 45 
S PENUP 

9 RIGHT SO 

10 FORWARD 160 

1 1 LEFT 90 

12 PENDOWN 
13LCIRCLE45 
l4HIDETWnE 
END 



TO EN 

1 EYES 

2 NOSE 
END 

TO MOUTH 
lOFOOa 
END 



TOM 

1 mm 
Em 




Making a Math Quiz 



TO F005 


TO F007 


I LCIRCLE 90 


I PENDOWN 


2 RClRCLE 90 


2S 


END 


3 FORWARD 100 




4 RIGHT 93 


TO F008 


5 FORWARD 30 


1 PENUP 


6 RIGHT 90 


10 PENUP 


7 RARC 10 


20 FORWARD 70 


8 RARC 10 


30 PENDOWN 


9 HIDETURTLE 


40 RIGHT 90 




10 PENUP 




55 RIGHT 90 


TO S 


60 FO^RWARD 166 


6 


70 RIGHT 90 


10 PENUP 


80 FORWARD 70 


20 SHOWTURTLE 


90 LEFT SO 


30 LEFT 90 


100 PENDOWN 


40 FORWARD 80 


110 LARC 80 


50 LEFT 90 


120 HIDETURTLE 


60 LEFT 9 


END 


70 PENDOWN 



END 



3. Gary ^s Mat h Quiz 

Gary's second project involved the use of conditionals, PRINT statenients, im 
naming of var-ables, and random numbors to create a "math quli" which gava a 
user a series of two-digit addition preblims. Althou|h he pitmed to extend the 
project to include subtraction, multiplication and division, he decided to go on te 
other activities after completini the addition portion of the quiz. Durhig ths 
following year, Gary went back to this project and completed it, meking use af 
LOGO comp> ,Ji ovidsd by Ws school system 

While working on the math quiz Gary Bncountered an interesting bug which was 
typical of the kinds of problems thit often resuUad from Gary's working style 
Gary would plunge Into a problem "headfirsl", with very little planning or 
consideration for the effects of an action that might go bayond his focus o? ^ha 
moment. In making his math quiz, ha priglnaily had a set flf precodurw nam«d 
MATH, MATH1» MATH3. He decided that they were ordered Incfl»rr#etly8 and m 
decided to EDIT the titles of the procedures, so that the auperprocsdir* would 
be called MATH, the first subprocedure would be MATHl, the ssccnd, MATH2, 
etc. What he forgot while d^lng this, was that hd would «jso have to cHango all 



ihm prscedures themselves, so that thty would be calling tha eorreet 
8ubprGcec!ure8.^Whfln he finished ehanging the naiMS around^ all Ns preeadures 
suddeNy stopped workir«. He was able to dub^ tNs rituaUon Nn^elf ^ Anting 
out Ns proeeduret and 'pAw^t^ eoinputar" 
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TO MATH 

10 PRINT [WOaD YOU LIKE TO HAVE A MATH TEST?] 
15 MAKE "ANS REQUiST 

20 IF sANS - [YES] PRINT [WELTOME TO THE WORLD V MATH!] MATHl STOP 

30 IF -ANS " [NO] PRINT [O.K. CWE BACK AGAIN!] STOP 

END 

TO MATHl 

5 MAKE "NUMl WORD RANDOM RANDOM 

6 IF FIRST iNUMl - 0 GO 5 

7 MAKE "NUM2 WORD RANDOM RANDOM 

8 IF FIRST iNUM2 - 0 GO 7 

10 PRINT ( SENTENCE [%%] :NUMl ) 
15 PRINT [*] 

20 PRINT ( SENTENCE [SX] iNUM2 ) 

21 PRINT [ ] 

25 MAKE "ANS TYPEIN 

30 TST :ANS « :NUM1 + iNUM2 

40 IFTRUE PRINT [CORRECT!} M^ i HI STOP 

50 IFFALSE PRINT [TRY AGAIN!] 

60 GO 10 

I'ND 

TO MATH2 

10 PRINT [WOULD YOU LIKE TO HAVE ANOTHER PROBLEM?] 
20 MAKE "ANS REQUEST 

30 IF sANS - [YES] PRINT [O.K. HERE WE GO AGA'iN!] MATHl STOP 
40 IF -ANS - [NO] PRINT [ALI RIGHT SEE YOU NEXT TIME!] STOP 
END 

T0MATH3 

6 PRINT [WELCOME TO THE WORLD OF MATHl] 

10 PRINT [17 * 2S-] 

20 MAKE "ANS TYPEIN: ^ 

30 TEST :ANS - 17 * 2S 

40 IFTRUE. PRINT [CORRECT!] STOP 

50 IFFALSE PRINT [TRY AGAIN] 

60 GO 10 

END 
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4. Gary*8 St^tNp Prgject 

Gary*s third rrajor projtet was the Rawing and animation of a starsNp (Figure 
^3). At flrs^ he eonstrueted a long, involved step-by-step procedure, which 
pe<Mred sonw involved, ratiwr frustriUng dabiip^ Gar^s debug^f^ resulted 
in the addition of even nmrm Knei to Nt one bMio ^tscedire. 

Although Gary suMessfuily dabu|ged the procedure, Ms taaelwr suggested that 
he red^is the entire proJ«t, n^ng use of rim^e pr^tArm and flvApreee^es, 
This time, having expfirienced both extremes » an unnecesrarlly complex 
Nerarchy of sub^^ocedures in Ns FA^ project, and an unnecessaH^ long sin^e 
procedure for Ms STARMP, Gary ranstruotad a set of moAjlar MAprocedurM to 
^aw the star^pi 



&9 



ERIC 



Gary 



7.9 



ft'awine a Stars hip 



Old Slarship Procedure 

TO STARSHIP 
10 RliSHT 90 
20 FORWARD 100 
30 LEFT 90 
40 FORWARD SO 
50 RIGHT ISO 
60 FORWARD 100 

70 PENUP 

71 LEFT ISO 

72 FORWARD 50 

73 LEFT 90 

74 FORWARD 100 

75 RIGHT 90 
90 LEFT 90 TO STARSHIP 
95 PENDOWN 10 STA 

100 FORWARD 100 20 WINGR 

105 RIGHT 90 30 WINGL 

1 10 FbRWARO 50 END 
120 LEFT 180 

^continued, next page) 



STARSHIP 
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New Starshjp PrKedures 

TO STA 
5 WRAP 
IOC 

20 LI 100 

im 



TO WINGR 
10 MO 

20 RIGHT 90 
30 L! 50 
40 MOVE 
END 



ERIC 



Drawing a StiraNg 



(Old StirsNpe conU (New Sttr^p, cent) 







ly My 






in unv 




TO MOV 


141 RI^fT ISO 


s>v tor 1 




1 Cf^T' Cifl 

Iv Ur 1 W 






Let 1 W 


£v rUKVf AmJ ivy 


143 RlfliJT 90 


3S RIGHT 90 






144 F^WARD 100 


40HIDETUR^ 






145 LEFT 90 


END 






155 PEPinOVVN 








160 RIGHT 90 


TOC 






170 FORWARD 30 


10 SQ.1 






180 LEFT 90 

A ^^^^ b ■ 9 V 


20 Kmom RCiRaE lo 




lO f^lfikFT QO 


190 FO^ARD 30 


30 LCmE 10 




20 FnHWARQ «LE 


200 LEFT 90 


40 PENUP FORWARD 30 




W> t FFT 1 Sfl 


210 FORWARD 60 


4SreND0WN 






220 LEFT 90 


fO RWEAT [RARC 10] 2 




mf% Bff^Lfr ISA 


230 FORWARD €0 


60 PENUP RIPEAT [RARC 


10] 2 


^A ^flBUlADn •! ^ 


240 LEFT 90 


70 PErOOWN REPEAT OARC 10] 2 


/U Ll&r 1 mi 




80 PEI^ REPEAT [LARC 


10] 2 




1 FFT QO 


90eACK30 








END 


TOSQlI 








5PEWJP 




^Qti) 1 FFT QO 




10 RIGHT 90 








20 FWWARO 30 








30 RIGHT 90 




100 HIDFTUPTLF 




35PEND0WN 




910 PFfjnnwN 




40 FOIWARD 30 




320 RCIRCLE 10 




50 RIGHT 90 




1*^0 1 f^IPTI Fin 




60 FORWARD 60 




340 PENLiP POf?WABD 30 




70 RIGHT 90 




345 FENDOWM 




80 FORWARD 60 




3S0 RARC 10 




90 RIGHT 90 




360 RARC 10 




100 FORWARD 60 




370 PINUP RARC 10 




110 RIGHT 90 




330 RARC 10 




120 FORWARD 30 




390 URC 10 




130 Rl^ 90 




4C^ LARC 10 




135 PENIP 




410 HIDETURTLE 




140 FORWARO 30 


• 


END 




150 FORWARO M 
END 
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Gary*s Morse Code Pro fBct 



For his last project, Gary decided to create a Morse Code Translator as the first 
step of a project to actually transmit morse code over ratf o waves, which he had 
read about in a computer hobbyist magazine. In creating the Morse Code 
translator he made use of RRST and Bm-FIRST comands in connection with iist and 
word^ processinii his recursive procedures used the concepts of -empty word" 
and ^ empty list in their STOP rulesi and he used conditional statements I© 
decide which particular set of Morse Code symbols to output: 

The morse code translator was built up by first creating a lengthy procedure, 
CODE, which output the correct sequence of dots and dashes for any Setter or 
numben 



TO CODE iETTER 

10 IF {LETTER - "A OUTPUT 

20 r iLETTER ^ "B OUTPUT 

30.. 
ENO 

The procedure PRh WORD prints the correct sequence of letters for an entire 
word: 



TO PRI :WORD 

10 IF :WORD ^ " STOP 

20 TYPE CODE FIRST -WORD 

30 TYPE 7 

40 PRI BUTFIRST WORD 
END 



PRI "HEIAO 

The procecsre PRI 2 iSENT, prints the correct sequence of letters for an entlr© 
sentences 
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7.lt A Merte Coda Translator 



- TO PRia SEm 
10 IF sSfNT = [ ] STOP 

20 m Fmr m^rmE 

30 TYPE" 

40 PRI2 BtrmwT sm 

fNO 

Pl^2 [mULQ HOW ARE YOU] 

..7.-.7:-../.../---/.--/.-A-.A/-.-"/-"/..-/ 

In creating these procedures Gary had to underslaf^ the difference betwetn 
words and Hats, and how tNs efftcted the worrfng of the stop rules In PRI (which 
manipulated words) and In PRI2 (wNch rranpirfated lists of words). He also had to 
carry out e process of 4riai and error to dotwinlne the locatisn of the stop rule in 
each procedure. When the series of LOOT classes ende4 Gary was engaged In 
the process of reversing the cede -- that Is, writing a sat of prec^ures wNch 
would take a string of Morse Code symbolt as Input, and prlnl out an English 
sentencs. 

S Conclusipns 

Gary absorbed a great deal in approximately 25 hours of LOGO classes. His 
prejecls involved a number of different contant areas: Turtle Geometry, 
interactive programming, animation, list processing, etc His enthusiasm remained 
at a fever pitch throu^ut the series of classes. Gary actively resists leaving 
class aach day and when the cycle of LOGO classes was firHshe^ Gary halpad 
establish an after school "compgler club," so that he could carry en Ns work. 

The computer activities provided tha kind of challenge and the scope of 
intdlectua! activities that Gary wanted and needed to devefep Ws abilities most 
iiiiy. The fact that tNs challenge and scope was not always present his regular 
classes was attested to frequently by Ns classroom teachers. A LOGO ctpablllty 
In a classroom could help teachers meet the ne^s of students like Oaiy., 
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8. Harriet 

Harriet Is one of the brlfhtett, most academicilly successful students In our 
experimental sample (her national achievement test scores placed her In the Sith 
percentile). In her regular school work, Harriet loves reading and writing, but 
finds mathematics and science "boring" She enjoys "playing with words," and 
prides herself on the uniqueness of her Ideas. 



le Harriet was one of the most able LOGO students, she was one of the least 
enthusiastic. She ctrried out two interesting and unique Turtle Gesmetry 
projects, but announced that she was "bored with drawing pictures". She rarely 
Initiated project Ideas, but responded very well to suggestions. She carried out 
two complex advanced projicts.- programming the computer to play "tictietoe" 
and writing a program that would fenerate a series of madllb stories, by randomly 
substituting nouns, verbs, adjectives, etc. for those in the original story. 

Harriet seemed to like the [dea of each of her large projects, and was vtry quick 
to learn the LOGO commands and programming Ideas necessai^ to carry them out 
Although she found the necessary detailed work of planning, typing, testing and 
debugiing to be quite tedius, she worked quite steadily over a number of class 
periods, and finished both pi'ojects quite satisfactorily. 

Harnet was extremely responsivs to the teacher's sugestiens. She eould often 
understand and absorb a new Idea at the flrsl heannf resolving mir 
problems by experirnentation. Harriet was a!»© responsive to error messaget 
from the computer, corrected her mistakes when she could, and was conselentlous 
about asking for help when she needed it Harrip* enjoyed helping others and 
developed a strong relatlonihip with Tina, whom she regularly helped with details 
of her LOGO work^ 

a.l Harriet's Working Style 

Harriet's way of working In the LOGO classes offered a clear demonstration of th® 
skills and strategies that make her an extremely successful student 



Harriet chooses interesting projects and sticks with the 



m. 



She has a sense of wh3t it means to be "creative", and has the ability to carry It 
off. Her Ideas are always a little bit different than those of her peers, and 
Harriet values this. Harriet recognlies the value of completing a project, and Is 
willing to continue with the work necessary to fill in the details of an idea, even 
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HerHet 



Werking Stvia 



after it is ns longsr "fun" or "criative*. In this W9ft eompleted work tends to 
have a superior quailty. On the ether hand, vMb i t *ipletlng a project, j^arriet 
would often declare that the necetftiy work was ^bcfsng". 



Harriet Is willing to exptore en he p own. 

She attends to error messagds, and corrects herself when she can. When she 
gets stuck she immediately asks for help — and is usually avtre of eKactly where 
the confusion is. 

Harriet's dribble files revealed a lot of explcritory activities, She would iry out 
new commands, and was able to debui spf^liR' syntax errars by Interpreting 
the error messages she received. If she w. anfused the first time a particular 
bug appeared, she would usually know exsctly ^vhat to do the second time. 

Harriet follows directions explicitly. 

She absorbs new approaches without being confused. She applie ? the same 
approach of ct,rtfldent exploration to new ideas she has been taught, that she 
applies to her own experimentation. Only Virhen a but appears does she quesfjon 
what she Is doing, and ask for help. Harriet's two I jrge projects, lier TICTACTOE 
game, and her MADLIB story generator, both involved her with the use of naw 
LOM commands,*new syntaK and new programming ideas. She seemed to absorb 
nnost of these ideas on first exposure — copying a formula, rather than analyzing. 
Occasionally this led to a bug which she did not understand. Usually It led to 
success In using the new idea with little difficulty, 

Harriet adds her own creative variations to other people's ideas, 

Harriet can easily find a new "wrinkle" or a creative way to do something. Her 
first project (SMILY — see below), was a totally unique way to draw a face. She 
used an extremely clever set of word's, to make i funny set of stories. In her 
madlib project. In this way, Harriet was able to adapt someone else's Idea — a 
medlib procedure, for example » and make it uniquely and specially her own. 

There were, however, some aspwcts of Harriet's work that tended to Interfere 
with h«r sMcetf as a student 
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Harriet 



8,3 



Working Style 



Harriet did not eHow much jnltlatlvsjnchcoslnr projects. 

Like Gary, when she finished t*ne piece of work, Harriet tended to feel aimlttss, at 
Joose ends, until she had redirected her eneriy. At these times she seemed to 
want direction from another parson. When offered a choice of alternatives, she 
was able to easily choose amortg them — but the Ideas themselves did not come 
easily to her. 

Harri ers major approach seemed to be "exploratory" rather than "analytical." 

She was very comfortable at the "try It out, and dibug ii," approach; but much 
ieis successfu! with planning and using analytical tichnlques to solve problems, 
and avoid di^flculties. (See below for clear examples of this difficulty in Harriet's 
work with Turtle Geometry). 

Harriet tended to get bored with the details of a project, lone before it wai- 
complete d. 

She would persevere out of a commUmtnt to "completeness", rather tl an out of a 
sense of enjoyment of her work. This left her with a rather anti-climatic feeling 
at the end of a project, rather than the satlsradion of a job well done. 

• In part, this kind of feeling Is a result of her lack of analysis — she would start a 
long project, intrigued with the ^a, not realizing hew much detailed w;3rk was 
involved. Partly it was a result of the compIeK projects that were suggested to 
her, to give her a better sense of whet she could accomplish with the computer. 
She seems' to have had some difficulty finding the proper balance between the 
originality and power of what she wanted the computer \q do — and the 
complexity of detail needed to bring It off. (See a discussion of Harriet's 
TICTACTOE and MADLIB projects for more derailed description of this kind of 
dilemma.) 

8.2 Harriet's Work with Turtle Gfaometrv 

Harriet started out with an excellent sense c:i how to manipulate the TURTLE, 
together with a strong desire to explore beyond what she alrady knew, to find 
ne.w ways of using the computer. When she was being shown how to use 
FORWARD and RIGHT commands for the first time, Harriet was already asking how 
to leave spaces In a drawing (she wai Immediately shown how to use PENUP and 
PENDOWN) As soon as she began drawing with the TURTLE she asked about 
making curved lines. She quickly got Into spinning designs, reversing spins, and 
finding the largest input she could to a SPIN command, 
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8.4 Tuptlft Qeomatry 



Jterritrt very firsl TURTLE driiMng axpleriVofi \yi hi a prejtcl taUnf thrM dfjs« 
P«rieds t© eonplete — her urique •wrtly fece" (Rpre S.!) 



1 EYES 
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Harriet 



8.5 



Turtle Geometry 



TO EYE 

1 FORWARD 99 

2 PENUP 

3 LEFT 90 

4 FORWARD 20 

5 LEFT 90 

6 PENDOWN 

7 FORWARD 99 
END 



TO SMILE 

1 LEFT 30 

2 FORWARD 30 

3 RIGHT 30 

4 FORWARD 30 

5 FORWARD 10 

6 RIGHT 30 

7 FORWARD 30 
END 



TO MOUTH 

1 PENUP 

2 RIGHT 90 

3 FORWARD 43 

4 LEFT 90 

5 PENDOWN 

6 FORWARD 120 

7 LEFT 30 

a FORWARD 30 

9 LEFT 45 

10 FORWARD 50 

1 1 LEFT 50 

12 FORWARD 30 

13 LEFT GO 

14 RIGHT 12 

15 FORWARD 135 

16 LEFT 90 
END 



TO TEETH 

1 LEFT ISO 

2 PENUP 

3 FORWARD 30 

4 RIGHT 55 

5 PENDOWN 

6 FORWARD 130 

7 PENUP 
a LEFT 90 

9 FORWARD 30 

10 LEFT 90 

1 1 PENDOWN 

12 FORWARD 130 

13 LEFT 180 

14 FORWARD 130 
END 



As Harriet worked on this project, her app;reach was to eMplsre each part of the 
figurep writing down the correct steps — then make each part a procedure. The 
greatest difficulty wes in making the mouth. Although Harriet had a very good 
sense of what she wanted to do, and a plan drawn on paper, she had difficulty 
making the mouth symmetrical. She worked by a process of trial and error, and 
did not do any calculations as she worked. Once she finished the mouth, she made 
use of symmetry to make the SMILE, the upper part of the mouth. 




Figurt 8.1 

It seemtd that she devdloped a sentt of how sha could mako use of tht nuffibers 
she hiM aN^y ussd. In compltting her prejecl, wNle contmuinf to work In an 
exploratory mode. 

By the time she completed tNs project, Harriet had mastered the use of SO, 30 
and ISO dagrees, had learned how to use symmetry, had mastered the baslo idea 
of procedures, subprocedures and superprocedures), and had a good understanding 
of how to use errof messages for detHjgging, 




Harriet 



8.7 



Spinning Designs 



Harriet's next project In Turtle G^^^ some explorations she was 

doing with SPIN commtnds. Combining SPINs with forwards and circles, she got 
tht JdM of makm^ rope. I suggested that this would make a 

nice, although difficult project, Harriet made the hJcely, and then 

decided to put a hat on his head. Since the TURTLE was spinning at the end of a 
loop of rope, she had to be shown how to reverse the steps of SPINs, turns and 
forwards, to get the TIJRTLE back to where It started, so that she^^ 
hat. Harriet needed help with debugging TURTLE state problems several times 
durinf this project. She was Introduced to the Idea of "playing computer," golrtg 
througit/ a procedure step by step, and encouraged to number her steps by fives, 
and to use subprocedures. She chose not to use subprocedures for the COWBOY, 
but did use subprocedures to draw and ioeate the HAT. (Figure 8.3) 

TO LASSO 

1 COWBOY 

2 BLACK 

3 HAT 
END 



t 
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Sptrwirig Dtsigns 



TO COWBOY 

1 PENUP 

2 FORWARD 100 
3PEND0WN 

4 RCIRClE 30 

5 LEFT ISO 

6 LARC 30 

7 RIGHT W 

8 FORWARD 200 
9PENUP 

10 RIGHT ISO 
U FORWARD 100 

12 RIGHT 90 

13 PENDOWN 

1 4 FORWARD SO 

15 BACK 50 
IG LEFT ISO 

17 FORWARD 50 

18 SPIN 16b 

19 FORWARD 30 
20SPiN500 

21 FORWARD 30 

22RCiRCLE30 

END 



TO iLACK 


tOHAT 


1 BACK 30 


1 STRATE 


2 SPIN -500 


2 HALF 


3 BACK 30 




4 SPIN -100 




5 BACK 50 


TO STRATE 


6 RIGHT 00 


1 PENUP 


END 


2F0RVI\^ARD 160 




3 RIGHT do 


TO HALF 


4PENDe^ 


1 RA^ 15 


5 FORi^yARtl 30 


2RARC 15 


Is LIFT lib 


END 


7FbiWARbfiO 




B RIGHT lib 




9 FORWArO 20 




10 LEFT 9b 




END 
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FIgwt 8.3 

The rest of Harriet's Turtle Geometry w§rk consisted of ifr I projeotti sonw 
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Harriet 



8.9 



SplnninE Designs 



spinning designs, an oval, a clock, and a TICTACTOE board that turned into her 
next major project. In working on lier TICTACTOE board, Harriet made use of the 
same kind of exploratory approach — combined with a lack of overall analysis — 
that she used in htr SMILY project. Her final drawing of a TICTACTOE board, 
made use of horizontal, but not vertical symmetry, and had uneven spacing. 
Harriet's idea of what a TICTACTOE board looks like seems clear from analysit of 
her dribble file; two lines crossing two other lines at right angles. She did not 
have the idea of the board consisting of "nine squares'V which would have led to 
a symmetrical drawing, and simplified the trial and error process of making the 
procedure. Similarly, in making her "X" for use in the TICTACTOE game, Harriet 
worked by a process of trial ard error, to get a somewhat asymmetrical k, rathe > 
than use an analytical approach which could have preckjced ■ symmetrical X. 




4- d-> «-d-4«-d-^ 



^0 




60 



4- 

t 



if 

It 




Harriet's TicTacToe Board 



II 



Ideal l2id" TicTacToe Board 



120" / 





Harriet's X 



"Idealized" X 
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Harriet 



8.10 



Tictactoe Project 



In making her K, Harriet did makB use of 30, 60 and 90 degree aniles, eventually 
combining them into 1 20 degree angles, which she used at both top corners of the 

8.3 Harriet*s Work on Major Interactive Prelects 
8.3.1 Harriet's TICTACTOEW olaet 

The TICTACTOE project laslsd for seven class sessions. Harriet had expressed a 
sense of boredom with Turtle Qeomatry, and a curiosity about what else the 
computer could do. When she used the TURTLE to draw a tictactoe board, the 
teacher suggested that she develop this Idea further, making a game wNch could 
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be played by two people, In which the computer would draw the game, and keep 
track of the score: A possibility of making the computer ine of the players was 
put off until later. 

In order to carry out this project, Harriet h^ to learn a number of new Ideas 
about LOGO: 

the use of TYPE and PRINT commands 
the use of MAKE to name points and variables 
the use of REQUEST to get inputs from the players 
the use of SETT to place the TURTLE at the right spot to 
draw an K or 0 

the use of IF and ^, to determine where the mni move should goi as 

well as the status of the game 
the use of lists to keep track of moves and of winninf combinations 
the use of SENTENCE lo add new elements to a list 
setting up a data itructure to keep track of the game 
functional names for subprocedures 

Since all this new material was dlffiqult for Harriet to absorb, the teacher 
introduced new ideas to her in smallish doses, as she expressed a need for them. 
First the procedure would-beialked throughrto ellclt'is m 
her as possible, of what she wanled the compuler to do. After talking an idea 
through verbally, she would be shown how to translate It Into LOGO, estsblishing 
the pattern that should be followed, writing down the steps and sequences In her 
notebook. Harriet then would copy them with careful attention to'detall. 

Harriet functioned e5<tremely well in this mode, Although she did not fully 
understand what she was doing, she felt confident that she could get the bugs 
worked out. Harriet was an excellent typist, and made few typing errors. When 
she did need to correct, revise or add to a line, she easily learned to Uie fOL and 
CTRL-N, as editing aids. 

=■ . - ' '■ . r 

Problems began to occur when Harriet started to make the program Intelligent 
enough to keep track of moves and record a win by either player, or a tie Hera 
she ran Into difficulty because she was a bit confused about the overall striKture 
of her progroms— not always sure where a particular subprocedure should be 
put — into PLAYl and PLAY2, her key sul^procedures, or into a sub-sub- 
procedure.^ In such a case, Harriet usually needed help to locate the source of a- 
bug. Once a bug was found by "playing computer" Harriet seemed to understand 
what hati caused It and how it could be fixed 



Considerations of ont bug In dstail will illustrate tNs proeeis. Near the end of 
the project, Harriet had compltted hergame to the point where it would 
announce a winner, draw a line Ihrough the" three Xs or Os, and slop. If, the game, 
was a tie, however, the computer would just keep; ^Jaying, asW^^ 
moves. Harriet was asked how she thought the comj^t^eTeoirid k^^^ 
whether the game was a tie. She suggested having the computer count the 
number of moves. If the total number of mbves was nine, the eomputer would 
declttce the game a^tie, 8^ stop 

In implementing this idea, Harriet was rerninded hew to Initialize the variable 
"COUNT, by using MAKE "COUNT 6, and how to Increase it using MAKE "COlflVr 
:CQUNT+1. The problem was, where to put hese InstriJKtlons, and final game 
ending irwtriJEtio^ IF lOpU^ In talking It Ihroulip^^'l^^^ 

that the initialization of "COi^"!; sTOuW go into the sup^e^^^ TICTACTO^ 
and that the increases should gc into the PLAYl Kkfi pr«;®*jre8. Harriet 
also realized that this endingiCWMiiion oNy needed to be put in^ PLAYl, beeayse 
the value of "COUNT could oNy be 9 during ^ nr^ j^Byw?9 turn. 

What Harriet forgot, was to put the line MAKE XOUNT .-COUNT+1, inlot PLAY2 ss 
weH as PLAYl. \yhen the cQunt condition did not work, Hairiet cb^d^not debug 
this by herself. When it was sug|ested that she have the computer PRIf^ the 
value of CpUI4T, the result was e, indieatlng tliat only the ^ moves HmI been 
counted. Then printing out PLAYt, Harriet realized that MAKE "iSOUNT ^OUNT+1 
was missing and she added It at the appropriate plwe with no diffieulty. 

TOTICTACTOE 
5 MAKE "COUNT 0 
lOTAC 

12 MAKE "LS [ ] 

13 MAKE "LI [ ] 

2Cr PRINTT [WHO IS PLAYER ONE?] 
30 MAKE "^1 REQUEST 
40 PRINT [WHO IS PLAYER TWO?] 
5ft MAKE "P2 REQUEST 

60 plaVi 

7bpLAY2 
SddO€D 
85 
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Harriet Q-""^ Tictictoe Proleel 



TOPLAYl 

5 MAKE TOUNT :C0UNT +1 
20 TYPE iPl 

30 PRINT [^S TURN TO MOVE] 

40 PRINT [WHICH BOX WOULD YOU LIKE TO PUT AN X IN?] 
50 MAKE "CHOICE REQUEST 

55 Make "Ls ( sentence ii$ ^choice ) 

60 MAKEX 

65 GHECKWINNERI 

70 IF :COUNT - 9 PRINT [IT IS A TIE] TOPLEVEL 



T0PLAY2 

5 MAKE "COUNT ;COUNT +i 

lOTYPEIfTIS] 

20 TYPE :P2 

30 PRINT ['S TURN TO MOVE] 

40 PRINT [WHICH BOX WOULD YOU LIKE TO PUT AN 0 IN?] 

50 MAKE "LI ( SENTENCE :LI sCHOICE ) 

60 MAKEO 

65 CHECKWINNER2 

70 IF iCOUNT = 9 PRINT [IT IS A TIE] TOPLEVEL 
END 



lie 



TO TAC 

5PENUP 

10BAGK60 

IBPENDOWN 

20 FORWARD 200 

25 PENUP 

30 RIGHT 90 

35 FORWARD 80 

40 RIGHT 90 

45PENS0WN 

50 FORWARD 200 

55 PENUP 

60 RIGHT- 90 

65 FORWARD 200 

70 RIGHT 90 

75 FORWARD 150 
80 RIGHT 90 
85 FORWARD 30 
90 PENDOWN 
95 FORWARD 260 
100 RIGHT 90 
105 PENUP 
110 FORWARD 60 
US RIGHT 90 
120 PENDOWN 
1 25 FORWARD 260 
END 

TO 0 #OINT 
10 PENUP 
20 SETT .■POINT 
30 PENDOWN 
40 RCIRCLE 20 
END 

TO X sPOINT 
10 PENUP 
aOSETTiPOINT 
30 PENDOWN 
40 EK 
END 

v . ;. ■■ ■ 



TOMAKEK 

lOIFjCHblCE -[1]X:H1 
20IF-CH0ICE-[2]XiH2 
30 IF ^H0iCE-[3]XiH3 
40 IF iGHOICE - [4] X iH4 
SO IF iCHOteE^ [5] X iHS 
60 IF .CHOICE » [6] X iHS 
70 IF iCHdlCE - [7] X .-H? 
a0IF^H0ICE-[8]lliH8 
90 IF iCHOfcE - [9] X iH9 
END 

TOMAKEO 

10 IF jCHOICE ^ [1] 0 iHl 
20 IF iCHblCE » [2] 0 ;H2 
SO IF iCHOICE- [3]0 :H3 
40 IF jGHOICE - [4] 0 iH4 
50 IF :CHOieE - [B]0 -H5 
60 IF .CH0iCE^ t6] 0 :H6 
70 IF ;CH6iCE ^ [7]OiH7 
80 IF .CHOICE - [S] 0 iH8 
90 IF CHOICE - [^] 0 ^HS 
END 



TO EX 

5 RIGHT 30 

10 FORWARD 30 

15 LEFT 120 

20 PENUP 

25 FORWARD 20 

30 LEFT 120 

35 PENDOWN 

40 FORWARD 30 

END 
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TO CHECK WINNER 1 
ib IF ALLOF :Z1 :LS LINEl PWl 
20 IF ALLOF :Z2 sLS LINE2 PWl 
30 IF ALLOF :Z3 LINE3 PWl 
40 IF ALLOF :Z4 :LS LINE4 PWl 
50 IF ALLOF :Z5 iLS LINES PWl 
60 IF ALLOF :Z6 :LS LINE6 PWl 
70 IF ALLOF :Z7 :LS LINE? PWl 
SO IF ALLOF iZ8 sLS LINES PWl 
END 

TO CHECKWINNER2 
10 IF ALLOF iZl :LI LINEl PW2 
20 IF ALLOF ;Z2 iLI LINE2 PW2 
30 IF ALLOF :Z3 :LI LINE3 PW2 
40 IF ALLOF :Z4 :U LINE4 PW2 
60 IF ALLOF :Z5 :LI LINES PW2 
60 IF ALLOF :Z6 :LI LINES PW2 
70 IF ALLOF 5Z7 :LI LINE7 PW2 
80 IF ALLOF sZS iLI LINES PW2 
END 

TO LINEl TO LINES 

lOPENUP lOPENUP 
20SETTsHl 20SETTSH1 
30PENDOWN 22 
40 FORWARD 200 30 RIGHT 28 
END 40PEND0WN 



TO LINE2 
10 PENUP 
20 SETT ■.H6 
30 RIGHT ISO 
40 RiGHT ISO 
50 FORWARD 20 
END 



50 FORWARD 230 
END 



TO LINE6 
10 PENUP 



20 SETT iH3 
30 RIGHT 90 
40PENDOWN 



50 FORWARD 170 



TOLlNte 



20 SETT :H7 


TO LINE? 


30 PENI^WN 


10 PENUP 


40 FORWARD ioO 


20SEtTiH2 


END 


30 RIGHT PO 




SOPENDOWrtJ 


TO LINE4 


60 FORWARD 170 


lOPENUP 


END 


20 SETT :H3 




30PEND0WN 


TO LINES 


40 RIGHT 140 


lOPENUP 


50 FORWARD 200 


ZbSEtf iHl 


END 


30 RIGHT 90 




40 PENDOWN 




50 FORWARD 170 



END 

TOPWl 

10 PRINT ( SENTENCE . -PI [IS THE WINNERJ 

20T0PLEVEL 

END 

T0PW2 

10 PRINT ( SENTENCE :P2 [IS THE WINNER]) 

20T0PLEVIL 

65 CHECKWINNER2 

END ♦ ; 

TO ALLGF iLISTl jUST2 

10 IF BOTH! PARTOF FIRST :LIST1 iUST2 BOTH PARTOF FIRST iUTFIRST sUSTl 
IUST2 PART0F LAST lUSTl iUST2 OUTPUT "TRUE 
20 OUTPUT "FALSE 
END 

TO PARTOF HTEM iLIST2 

l b IF H.ISt2 - [] bUTPUT "FALSE 

20 IF FIRST ilTEM^ FIRST ILIST2 OUTPUT "TRUE 

30 OUTPUT PARTOF sITEM BUTFIRSt iUST2 

END 
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Haririet 
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Madlib Proieet 



8.3.2 Harrjet's MADLIB Projcet 

After completing her TICTACTOE project, Harrlei was at a loss for what to do 
next. She was offered a choice of six differed projects.; The 1^^^^ a 
"roadllb" story was the most appealing to her. The basic Idea li sfrnplev The 
computer prints out a simple story, iubitltuting randomly chosen rMHjn8, ve^ 
adjectives, etc., for specific wordt in the story. This projecl offered mOTy fewer 
"new learnings", for Harriet, and so was one that she coirid help her consolldste 
what she had already learned. The new ideas she had to learn were these; 

< 

—procedures with outputs 

—the use of RANDOM to choose a number wMch woiid determine the 
particular word to be OUTPUT from a preset list 

—the use of X to create spaces in TYPED output 

—the distinction between TYPE and PRINT 

Once Harriet was shown the syntax for using RANMM and OUTPUT, she was able 
to carry through the project almost entirely en her town, the structure of the 
project was much simpler than that of the TICTACTOE project, so that when bugs 
occured, Harriet could usually fix them herself. She had a little dlfflc^^^^^ 
understanding that she had to provide an output for each rHmtber, 0 through 9, 
output by RANDOM. In some of her procedurei she listed 10 rather than 0, and 
would sometimes get a confusing "NOUN DIDNT OUTPUT AT LEVEL 1 LINE in 
MADLIB." Thia message was confusmg to Harriet because Jt did not occur 
consistently (approximately owe out of every ten tries). NOUN appffgred to work 
perfectly some of the time and not work at all at other timesr As each of her 
subprocedures was debugged, Harriet gr^ually came to underitand the. cause of 
tNs occasional problem. 
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Madlb Project 



Another more stralihtferwird bug In the MADUB prficedire InvolvwJ the length of 
etch ititement Involving a PWNT or TYPE csmmami Slnee the randomly chosen 
'^«11nf tenglhs, Ihf tyip^ iinst would toffletlmet run over the edge of 
th« P«l*f ;^a^lrig a word tb be tpllt botween two linet. . Harriet began the 
pi-iScew of (ifliwlifiatlftg theie ovii^r^^^ adjuiting the length ©f each lino by 
clvinglni Ih* tecatlon of WWf and TfH tomm^. Of eourte, shortening the 
fir\ft line made tbe tec^ longer, so that the process had to be repeated for 
es&H suecde^r^ Una. Harriet hid not completed tNs when the series of elasnes 
ended 

tMAOLIB 

OKCrUPON A HOLA HOOP, 

DAfi SHE HAOj* WIC^^ SMELLy stEPSISTERS WHOSE 

NAMEr 
TWISTED \W«m W«ILE THE 2 

PEOPtE or THE KINGDOM WERE IIWI^O TO PRIICE GERTRUDTS SiyeL^ BAL 
L CINDERELU CmDNT 00. BUT HER 2 STEPSISTERS A STEP 
CH5ESE;RAViOlI.- 

CdXD. loreRt THE FAIRY ^bOMoSiR CAl^ & GAVE CINDERELU A ICE AND A 
TOIlEt BWfc SO Sl€ COU^GO TO THE PINE TONE. THE 
; C*ESE iwyiOLI FELL IN 

A^toWSi^lCR CREAMy.TOI^ 
T THE 

GRAfCMA BACK OH HE FOUND HER AND THEY LIVED 
SILtNTLY EVER AFTER. 
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TOMADLIB 

: 10 TYPE [ONCE. UPON A%] 
; 20 TYPE NOUN 

30 TYPE [. THERE LIVED AX] 

40 TYPE ADJETIVE 

50 PRINT [%GIRL NAMED] 

60 . TYPE [. SHE HAD A WICKED STEPMOTHER AND 2%] 

70 TYPE ADJETIVE ' 

80 PRINT ■[« STEPSISTERS WHOSE %] 

85 PRINT [% NAMES WEREX] 

90 TYPE N 

100 TYPE [% AND GRISELDA. CINDERELLA HAD TO %] 

105 PRINT i% DO ALL THE %i 

1 10 TYPE ADJETIVE 

1 20 TYPE [% WORK WHILE THE 2%] 

130 TYPE NOUN TYPE 2%] 

140 PR^NT [X WERE LAZY. ONE DAY ALL THE X] TYPE [«PEOPLE OF THE%] 
14S TYPE i% KINGDOM WERE INVITED TO PRINCBI] 
150 TYPE N TYPE ['S %] TYPE ADJETIVE 
160 TYPE [X ball; CINDERELU X] 

165 TYPE [X COULDN'T GO, BUT HER 2 STEPSISTERS & STEnt] 
170 PRINT NOUN 
ISO TYPE [COULD X J 
190 TYPE N 

200 TYPE [X THE FAIRY GODMOTHER CAME & GAVE CINOERELLA M) 
210 TYPE NOUN 
220 PRINT [XAND AX] 
230 TYPE NOUN 

240 TYPE [XSO SHE COULD GO TO THEX] 
250 TYPE NOUN 
260 PRINT [ XTHEX] 
270 TYPE'NOUN 

280 TYPE [XFELL IN LOVE WITH HER. SHEX] 
290 TYPE VERB TrypE [,] 
300 TYPE [X OUT OF THE X] 
310 PRINT NOUN 

320 TYPE [X AND LOST HtR X] ^ ^ 1 . 

330 TYPE ADJETIVE TYPE [X , X] TYPE NOUN 

340 PRINT [ % THE PRINCE LMKED FOR HER TO PUT THE X] 

350 TYPE NOUN 

360 PRINT [X BACK ON. HE FOUND HER AND Tf€Y LIVED X] 
370 TYPE ADVERB 



Harriet 
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tm mm [% evkr Ar i lr %] 

END 
TON 

10 MAKE 'mmn random 

20 IF mMBm« I OUTPUT [CONGA J 
30 IF iNW^IR - 2 OUTPUT [IGSERT] 
40 IF sNUMBIR - 3 OUTPUT [ISMEENIIJ 
^ SO IF iPJUMBIR - H OUTPUT [GERTRUDEi 

60 w immn - s output cgirshom] 

70 !F tNUMBIR - 6 OUTPUT [DAN] 
80 IF iNUMBER • 7 OUTPUT [TWEeDl.EOUyq 
90 IF :^RJMaER - 8 OUTPUT [BALLYHOO] 
100 IF sNUMBER - 9 OUTPUT [DAVID] 
1 10 IF ;|viUMiER - 0 OUTPUT [WILLIh€NA| 

TO NOUN 

10 MAKE "NUMBER RANDOM 

20 IF sNUMBER - 1 OUTPUT [TRASH CAN] 

30 IF sNUMBER - J OUTPUT [CIGAR] 

40 IF sNUMBER - 3 OUTPUT [HULA HOOP] 

80 IF iNUMBER - 4 OUTPUT [GRANDMA] 

60 IF iNUMBER - S OUTPUT [ICE] 

70 IF iNUMBER - 6 OUTPUT [TOOTWASTE] 

80 IF iNUMBER - 7 OUTPUT [TOILET BOWL] 

90 IF iNUMBER - 8 OUTPUT [MUO] 

100 IF iNUMBER - 9 OUTPUT [PINE CONE] 

1 10 IF if*JMBER - 0 OUTPUT [CHEESE RAVIOLI] 

END 



123 



y^^— — il!L Madltb Probet 



TO ADJETfVE 

10 MAKf "NUMBER RANDOM 

20 IF :NUMBER - 1 OUTPUT [UGLY] 

30 IF -NUMBER » 2 OUTPUT [PURPLE] 

40 IF •NUMBER - 3 OUTPUT [SMELLY] 

SO IF :NUMBER - 4 OUTPUT [FLUFFY] 

60 IF ^NUMBER ■ B OUTPUT [CREAMY] 

70 IF :NUMBER - 6 OUTPUT [TWISTED] 

80 IF :NUMBER « 7 OUTPUT [HARD] 

90 IF ;NUMBER - 8 OUTPUT [WRINKLED] 

100 IF iNUMBER - 9 OUTPUT [BILLOWY] ' 

1 10 IF -NUMBER - 0 OUTPUT [ITCHY] 

END 

TO ADVERB 
I 10 MAKE "NUMBER RANDOM 
17 IF iNUMBER > 5 OUTPUT [SILLY] 
20 IF ^NUMBER - 1 OUTPUT [CALtvlY] 
30 IF :NUMBER - 2 OUTPUT [STUPIDLY] 
AO IF :NUMBER ■ 3 OUTPUT [ANNOYINGLY] 

SO IF iNUMBER ■ A OUTPUT [PATHETICLY] " 
60 IF iNUMBER » 5 OUTPUT [SILENTLY] 
70 IF .'NUMBER = 0 OUTPUT [GINTLY] 
END 

TO VERB 

10 MAKE "NUMBER RANDOM 
20 IF iNUMBER ^ 1 OUTPUT [WALK] 
30 IF iNUMBER = 2 OUTPUT [Y^LL] 
m IF iNUMBER » 3 OUTPUT [SING] 
SO IF iNUMBER - A OUTPUT [SKIP] 
60 IF iNUMBER - 5 OUTPUT [ROCK] 
70 IF iNUMBER « 6 OUTPUT [ROLL] 
80 IF iNUMBER » 7 OUTPUf [TiCK] 
90 IF iNUMBER - 8 OUTPUT [GIGGLE] 
100 IF iNUMBER - 9 OUTPUT [SHIT] 
1 10 IF iNUMBER - 0 OUTPUT [BLEED] 
END 
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S.4 Coneluiion 

Harriet was Gn# of the most sonpetent of ths cMich'en in sur sampla grsups at 
using tha computer l^eyboard, understan^ng the c«nputer*s possiUlltics, and at 
using divarse «lamants af the LOGO lan|tnge apprapriataly lo achieve her 
pvpases. At the swne time, her sense ef "creativa involvement" was mlMmal. 
The mere creative her project, the mora tedius typing and debugging were 
reared. She did rat enjoy the process of HnAt^ and alln^natliH^ buge, the way 
that Gary, a student In one of theie^liir daMaa tM. 

After bar last clasf, Harriet was asked whether she woirid like to work vvith a 
computer again. "Well," she reflasted, 'it would deperKi on what the other 
ehoices were;" , 
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S. Jimmy 

Jimmy is considered to be tn above average student by his tetchers. His 
nttional ichleyament test scores place him In the S7th percantlle. Although 
he is ^considered bright, Jimmy Is eKtremely ielectlve In applylni himself to 
regular class work. He tends to excel In area« which appeal to him, and 
offers resistance to assignments which ha does not consider IntBrestlng. 

1- Jimmy*s Working Stvie 

In the LOW clasies, his work was also SGmewhat ideosyncratic. He quickly 
became expert at "TURTLE driving," and created one of the most elaborate 
drawings of any of our studenti, His robot proctdyre, patterned on the Star 
Wars character, R202, was extremely detailed and Intricate, and was drawn with 
uncommon care and patience. On the other hand, Jimmy had great difficulty 
understanding how to use subprocedures to make his work easier. He eoneelvad 
of each project as a long, almost endless string of commandsj subprocedures 
were just a way of breaking a project Into pieces. It was not until near the end 
of the classes that Jimmy began to make use of subprocedures for planning. 
Debugging remained a mystery for him. 

2. Jimmy's Sailboat Project 

Jimmy's first project, after learning the basic LOGO commands, was to use the 
TURTLE to draw a sailboat. He drew his boat step by step on the screen, and 
copied the entire list of commands to make the procedures, iODY and SAIL 
Although he copied steps literally, in a style similar to Deborah's, he was also able 
to make good use of geometric knowledge. Lines 2, 3, 4, and 5 of his iODY 
procedure, which draw the prow of his boat, show how he used a ISO degree 
angle to severse the TURTLrs direction (Figure 9.1a). Line's 12 and 13 show 
how he correctert a mistaken RIQHT 89, by doubling 89, and following it by the > 
command LEFT 1 78. It is charactirlstic of Jimmy's work that ho did not replacB 
both commands by one correct command, LIFT 89, but kept both his original 
commands as part of his procedure. 



-§.2- ■ Drawtrti a Beat 



TO BOAT 
1 BODY 

2F01?WARD26 

3 SAIL 

4 KKKTUNttl 




Figure 9.1 



TOBCet 

1 LEFT ato 

2F0fiiWA«D10 
SRtGFff #0 

4 Pom^^ 20 

5 RIGHT I W 

6 FORWARD 70 

7 FORWARD 10 

8 RtGW' 96 

9 FORWARD 14 

10 RIGHT liO 
U FORWARO 14 
12RIOHT&9 

13 LEFT 178 

14 FORWARD 20 

15 LEFT 10 



140^ 



40' 




Figure 9,1 a 



TO SAIL 

1 RIGHT 90 

2 FORWARD ;60 

3 RIGHT 140; - 

4 FORWARD BO 

5 FORWARD 20 

6 RIGHt 100 

7 RIGHT 20 

8 RIGHT 10 

9 FORWARD SO 
id RIGHt 10 

11 LEFT 10 

12 FORWARD 30 

13 RIGHT 100 

14 RIGHT 20 

15 LEFT 10 
le RIGHT 5 

17 FORWARD 40 

18 FORWARD 20 

19 RIGHT 80 

20 FORWARD 10 
END 



3. Jimmy's next major projecl, which he Workid on for five class perisds 
(approxirhitely 6 1/2 hours), was his ririwing of a robot {figure 9.2>. 




Figure 9.2 

Jimmy's »upirppo§#durt, ADAM, made use of ten different subproctdur©s, to 
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Jimmy 



9j 



Drawlni a Rebot 



draw the robot, Jimmy worked on th© project In an exploratory fashion^ When 
he had suecessfully drawn one part of the robot on the tereen, ha would writa 
down all the steps on the text display soreen, and give that part of his drawing a 
name. When he began working againi he would include the procedure he had Just 
defined, as the first step of his next procedure, Jlmmy*s procedure hierarchy can 
be described as a "tree", wltili no branch containing more than two different sub- 
branches. 



R2D2 





ADAM, 



EYEl 
I 

BOX 



The role of each of the subprocadurei can be tracad by starting at the bettdm of 
the tree, and working upward (tee Figure 9J)i 

R2 draws the rectangle which made up most of the robot^i body. 

LEG I drawi the right leg, 

R202 includes R2 and LEQl and then addi the left leg, 

JOE draws oni 30-by«5 rectangle on the right of the robot 

DOG includes R2D2 and JOE and adds another small rectangle. 

D2 includes DOQ and addi the two larger rectangles, 

Li draws a single line on the lower left of the robot 

JP Includes D2 and four repeats of LL It draws the entire roboti eHoept 
for the eye. 

BOK draws a small square In the robot-s head 



EKLC 



1S8 



EVEl mk^$ iOK mi dpww tta ^y. |n Iht stnttr of th« bsss. 



jMl|id#s JP and EYfl. It 
TU^FLE smr mi draws th» ayt; 



draws the enttre r§bot, mavttt the 



Th» sp^te Mis|>rsndur«$ are Utted bttowi 



T0R2 

1 FORWARD 80 

2 RIGHT SO 

3 FWl^ARD 70 
4RiC^ SO 

5 FORWARD SO 
6RIGNT 90 

7 FORWARD 70 

8 RIGKT 90 

9 FORWARD SO 
lORARC 40 

11 RARC40 
END 



TO LEG! 

1 FORWARD 10 

2 LEFT 90 
3FWWARD1S 
4rafiHT SO 

S F^ARD 30 

I RIGHT 90 

7 FORWARD 5 
SLEFT iO 

9 FORWARD 40 

10 LEFT 40 

II RIGHT 10 
12R{G>#i 

13 FORWARD 30 

14 RIGHT 100 

15 RIGHT 20 
1;LEFT 10 

17 FORWARD 20 

18 RIGHT 90 

IS FORWARD 20 

20 RIGHT 130 

21 FOR WARD 20 

22 RIGHT 90 

23 FORWARD 10 

24 RIGHT 90 

25 FORWARD 30 
END 



Jimmy §J Drawint a Rsbot 



TO R2D2 


TO JOE 


5 R2 


1 PENUP 


10 LEGl 


2 FORWARD 30 


15 LEFT 90 


3 PENDOWN 


20 RIGHT 15 


4 FORWARD 30 


22 LEFT 10 


5 LEFT 90 


25 FORWARD 50 


6 FORWARD 5 


30 LEFT 90 


7 LEFT 90 


35 FORWARD 30 


S FORWARD 30 


40 RIGHT 90 


9 LEFT 90 


45 FORWARD 10 


10 FORWARD S 


50 RIGHT 90 


END 


55 FORWARD 20 




60 RIGHT ISO 


TO DOG 


S5 FORWARD 20 


1 R2D2 


70 RIGHT 90 


2 JOE 


75 FORWARD 15 


3 PENUP 


SO RIGHT 100 


4 FORWARD 5 


85 FORWARD 30 


5 PENDOWN 


90 LEFT 10 


6 FORWARD 5 


95 FORWARD 40 


7 LEFT 90 


100 RIGHT 90 


S FORWARD 30 


105 LEFT ISO 


9 LEFT 90 


110 FORWARD 5 


10 FORWARD S 


US RIGHT 90 


11 LEFT SO 


120 FORWARD 30 


12 FORWARD 30 


125 RIGHT 90 


END 


130 FORWARD 15 




END 
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Prawlnr a Reiset 



5 FORWAftO IS 
lO BACiC I S 

IB mm 



re D'; 

1 mm 

2 so 
siitrr 180 

sir^AfiO }s 

fWmm 
V¥m^/m 30 

9 90 
iO>^6^ARD40 

12 FORWARD 30 

13 RibHr SO 

14 FORWARD 40 

15 LEFT 80 
16PENUP 

17 FORWARD E 

18 RIGHT 90 I 
19PEND0WN 

20 FORWARD 25 

21 LIFT 90 

22 FORWARD 20 

23 LIFT 30 

24 FORWARO 25 

25 LEFT 90 

26 FORWARO 20 
EMD 
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Jimmy 
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Drawing a Robot 



ro jp 


TO EYEl 


TO BOK 


1 no 
1 UZ 


5 BOX 


5 FORWARD 20 


Z oACK 20 


10 PENUr 


10 LEFT 90 


itf myrti su 


15 LEFT 90 


15 FORWARD 20 


^ rfcNUr 


20 FORWARD 10 


20 LEFT 90 


5 FORWARD 10 


25 LEFT SO 


25 FORWARD 20 


6 LEFT SO 


30 FORWARD 4 


30 LEFT 90 


7 PENDQWN 


35 RIGHT 90 


35 FORWARD 20 


SLl 


40 PENDOWN 


END 


9 LI 


45 LCIRCLE 10 




10 LI 


END 


TO ADAM 


11 LI 




5 JP 


12 HIDETURTLE 




10 SHOWTURTLE 


END 




15 PENUP 



20 LEFT 90 

25 FORWARD 80 

30 RIGHT 90 

35 FORWARD 30 

40 PENDOWN 

45 EYEl 

50 HIDETURTLE 

END 

4. JImrny's Rocket Proiset 

Jimmy's ne^t major projeot, although visually much simplsr than the robot, also 
took five clats pariods to work out. The complexity of this project lay in the use 
of angles other than ninety degrees. Jimmy had to pay careful attention to 
TURTLE'S state at each point of the process, in order to draw a symmetrical 
design. (Figure 9.3) 
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Fl|ure i.3 

Wcrarehy "trse" was a toi elmplir tNi timti 




STICK draws the rocktl's body. 

CONE 30 dfaws the note cone, 

J cemblnts CONE and STICK and draws the entire rocket. 

RFIN Ineludes J and adds the upper righi fin. 

FIN2 draws the lower right fin. 

ROCKET drtwp teeth lift fins. 

R Includts RFIN, FIN2 and ROCKET, and draws the entire rocket. 
In ^mmg the rocket, Jimniy construoted the upper right fin by trial and •rror, 
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^'*^^y y Drawme a Rocket 



He then copied it three more times to draw ihe three othe' fini, paying eareful 
attenllon to riiht/left symmetry. ^The lower left fin came out a llltle too largo 
becauie of a miscalculation). 

Jimmy developsd an interesting folutlon to the problem of drawing the rocket's 
nose cone — an isoceles triangie with a fixed base. Hie strategy was to start at 
point A (figure 9.4), turn the TURTLt; RIGHT 15 degrees, move it forward a 
certain distance, and then bfick the same distance. Making use of symmetry, 
Jimmy then moved the TURTLE to point B, turned the TURTLE LEFT 15, and 
moved it forward and back the same distance. His problem was that he did not 
know tiie distance to use. The teacher suggested that he make that length a 
variable, and together they talked throu|h the procedurei 

TO CONE :LEN 
5 FORWARD 100 
10 RIGHT 15 
1 5 FORWARD ;LEN 
20 BACK iLEN 
25 RIGHT 75 
30 FORWARD 15 
35 LEFT 90 
40 LEFT 15 
45 FORWARD iLEN 
50 BACK :LEN 
55 RIGHT 15 
END 



Jimmy then used the CONE procedure with several different inputs, until he found 
a lungth that looked right to him. He used this length CONE 30 in his procedure, 
J, which drew the basic rocket body. 

There are clues in the CONE procedure to the way that Jimmy made use of 
"units" of 90 degrees In thinking about his drawing. He turned the TURTLE RIGHT 
15 at line 10. in line 25 he added the additional rotation, RIGHT 75, to make a 
toial pf 90 degrees, allowing the TURTLE to move from point A to point B, Having 
reacKed point B, Jimmy turned the TURTLE LEFT 90, and added the step, LEFT 
15, The fact that he was thinking in terms of 90° units was confirmed by his 
failure to combine the last two as one step, LEFT 105, 




Figure 9.4 
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5. >Mmfi^*s ffii^farit l^jgd 



During the last f«w elMtet, Jimmy coneefitratsd en O^turtle Ktlvities. Part of 
his W6fk vnth I^aturtle Is described In detail In Ch^ter 6 of Pwt II of this 
rei^t A fMctr4^ prdj#et tMrt Jim!^ ovrM out In esiffi^tion with o^anNc 
aetivWej ^untt fwofter IndKatiwi of the in wrtvch tw inewperat^ f^aoRMitrlc 
idem into M» iMii in ttiPtJii GeMietry. 

Jimmy was draiwh^ a "rmtrack" fw" tfw^raiturtl^ He decided to A'aw an oval 
track, md he# en^stet^ tfrawii^ the inside of the traek. To draw the ends of 
the Innde ^ ttie track, J\rmi^ Mde repefti^ me of RARC 40 conwMr^ (Figure 
9.5). To draw, the outMe of the track, he moved the TURTLE over 40 TURTLE 
steps, and drew the outside using RARC ^ commtnds (Figure 9.6). When an 
observer isked Jinm^ how he knew that RARC 80 woiMd draw the eorrect sized 
ares, Jimmy mswered that usir^ an RARC SO eonmand was "Just like making a 
corner with sidts of iO," This indcated tl^at he uiderstood how to ri^Me the 
effect of the RA^ oommand by an tquvalent one wNeh made It easy for him to 
calculate the neeessBry ditance (Figure 9,?). 



TO TRACK 


TO IN 


TO OUT 


10 IN 


10 RIGHT 90 


10 RIGHT 90 


20 OUT 


20 FORWARD SO 


20 FORWARD 150 


END 


30 LEFT 180 


30 RARC 801: 




40 FORWARD 150 


40 RARC sol 




BO RARC 40 


50 FORWARD 150 




60 RARC 40 


60 RARC 80^ 




70 FORWARD 150 


70 RARC SO 




80 RARC 40 


END 




90 RARC 40 






lOOPENUP 






110 LEFT 90 






120 FORWARD 40 






190 PENDOWN 
END 





Figure 9.5 



10. Karl 



Karl is a boy who has teyert learnin^^^ H© 
is savaral years bahind his paert in basic aetdami^ baan diagnosed 

as having a 'learning disability^ Ha r^ 
school's Ltarnlni Center. Karl is large fo^^^^ 

manner. Ha has few friends among his olassmatas, other than a few saleoted 
"oronies". 

When Karl was intarviawadi prior to his partloipation In LOGO some signlfieant 
gaps occurred betwaan his abilitias in tasks that required raadingi writing, 
arithmetic/ and verbal axpresiioni and those that requirad non-verbal problem 
solving. While appaaring to be virtually una^^ carry out arithmetic 

calculitlonsp he raadily solved problems involving number patterni and attributei 
of different shapesp and was able to^ystematically generate ail twanty-fou 
permutations of a sat of cubes of fout diffiran^ 

designed to alicit KarPs faalings about lehoolp and about himself and friandi, were 
answered with statements likei "I donn care^ ''Nothing^ W*t and "I donn know^ 

Despite eKtrama difficulty using the computer keyboard, Karl did very ^ w the 
LOGO classas. From the baginning ha enjoyed the sante of control he felt while 
participating in LOGO actlvitias/ While Karl often naadad help ramambering the 
spelling ot various comgphds, ha was able to make use of his logical and 
organliational abilities in a variety of conteNtt Karl-s aocomplishments In the 
LOGO classas regularly surpassed what ha was normally considered able to do in 
his regulfr classes and in 'his special tutoring sessions. At present, KarPs 
teachers are trying to decide how to take Into account the information learned 
during his successful LOGO experience, in planning Ills ragutar school work 

In the sections that follow, we will review Karl's major accompllshmants, as well 
as some of the difficulties that ha axparlanced 

10*1 Karrs Major Accompllshmants 

Karl-s accomplishmants In the LOGO classes fit into two categorlesi he developed 
a processes both for working with the computar and for planning and debygging 
his work, and he completed a number of successful projects in the area of Turtle 
Geometry, culminating in a keyboard controlled animation, which allowed him to 
drive the TURTLE arounJ the screen. 

At Karrs work altarnatad between carefully planned designs and the 
haphrard use of commands that he did not really understand. As he began to 



discoy«r eol19!•^neits in tha •ff«Ct« preduetti by dlttirent comminds, he 
frsdfettMy etAf te f^^reltt Ei»rt ind infrt dsntril pvtr tha euteorhts of Wi wsrk. 



Kf**!'* lirst ipire|«e|t, the reetingtt TAH tfid ths tat §f repeated rectangles, CULL, 
wmrm ear^fuKy pllanRid and cir*rlad oyt (Figure 10.1) His naxt design, ACE 
(Flfure 10.0) was ayisn imB etrefully strueturad, miking use of syrfimeti^ and 



Karl 
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Qsometric Designs 



TOTAM 

1 FORWARD 190 

2 LEKT 90 

3 FORWARD 100 

4 LEFT 90 

5 FbRWARD 190 

6 LEFT 90 

7 FORWARD 100 
END 

TO CULL 
1 

a 

3TAM 
4TAM 
END 



Figure iO.I 
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; HO 



KiH heeams faselnaltd by the afficts of SPIN eomminds and began 
prae^uras tQgtther randemly to preduci una^cpietad reiulti He^ loir 
long ptrieds of time Watchlhg the affaets of rapW SPIN^^^ 
proeedurts; Eacfi tims Ha had a naw Idaa for a projaet, ha would ^dd^^i to lha 
others, to enjoy the wild unpradiotibia tffeati. Soma of the prooedurei ha 
oreatad thii way ware: 



TOAcea 


TO ME 


TO ACE3 


1 SPIN 1020 


1 TAM 


1 SPIN 1020 


a ACE 


2 CULL 


2 TAM 


END 


3 ACE 


3 ACE 




4ACE2 


4 ACEa 




END 


5 ME 






6HIDETURTL 
END 



By the ninth class, these procedures culminated Im 

TO BU 

1 SPIN 200 , 

2 CULL 

3 ACE 
4ACE2 " 

5 ME 

6 NO 

7 NO 

8 XX78055 

9 PLUS 

10 TAM 
END 

The procedure NO was a saquence of slow SPINs and FORWARD commands, 
followed by HOME, while XK7S055 and PLUS were carefully planned ipinnlng 
desips created by using NO, rotating the TURTLE 10 degrees, and rapeating the 
process while increasing the angle of rotation by 10 degrees each time. 



TONO 

1 SPtN 100 

2 roRWAi© too 

5 SPIN 70 

6 FO^ATO SO 

7 HOME 
END 

TQ)OC7S053 

im 

a RIGHT 10 

3 NO 

4 RIGHT aO 

5N0 

6 RIGHT 30 
7N0 

8 RIGHT 40 

9 NO 

10 RIGHT SO 

11 NO 

12 RIGHT 60 

13 NO 

14. RIGHT 70 

15 NO 

16 RIGHT SO 

17 NO 

IS RIGHT 90 
19N0 

20 RIGHT 100 
21:N0 

22 RIGHT 110 

23 NO 

24 RIGHT 120 

25 NO 

26 RIGHT 130 
END 



TO PLUS 

5 MAKE mm 10 

10 NO 

IS RIGHT iBUR 

20 MAKE "BUR iBUR 4- 10 

25 GO 10 

END 
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Exploring the Sy stem 



A few classes after creiting BU, Karl expressed lhe desire to control the effects 
of his procedures. In one period he edited BU t& produce a yery elegant splhhihg 
design, by systemellcally removing all the "random effects." Althoijgh he needed 
help with; the mechanics of editihg, the decisions about what to change were all 
^ his. The final version of the procedure was: 

TO iU 
1 SPIN 200 
aCULLEN 

3 ACE 

4 HOME 
9 PLUS 
END , 

i 

The HOME command was introduced at line 4 to center the TURTLE before 
drawlnf the symmetrical spinning design, PLUS. 

The editing of BU ended the "random phase" of Karl's work. AM' sh he had 
periods of almlessness, and fooling around with the keyboard, most tii his actual 
work with the computer was cirefully and purposefully planned in the classes 
that followed 

In addition to thoughtful leometrical planning (TAM, CULLEN, ACE, PLUS, etc.) and 
careful step-by-step debugiing (as In his editing of BU), another process that Karl 
used to great advantage was finding the limits allowed by the computer In 
different areas. ^ 

For example, he used the prpcess of successive approximations In converging to a 
limit, to find the largest input to SPW. It took him nine tries, using successive 
Inputs of 1000, 2000, 1050, 1001, 1010, 1040, 1020, 1030, 1025 before 
deciding that 1020 was the largest allowable Input to SPIN. In doing this, he made 
use of the error meBsage generated by the computer whenever he used an Input 
that was too large. 

In a similar fashion, he used the OUT OF BOUNDS error message and the method 
of successive approximation to find the boundaries of the display screen and the 
diagonal distance across it. 

Karl also eKperlmented with other limits of the computer system. He found the 
shortest procedure name (one letter) and the "longest" (his procedure 
QWERTYUIOPASDFQHJKLZKCVBN used every alphabetic symbol on the keyboard). 
He also found out what happened when you type very long numbers. (When he 
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Animating the TURTLE 



typed PB SptiOOQOOpOOOpOO$900(^ th| esfflputdr respsnded; 9.000002E31), 
or leng strifli^ (rf jiymbsli. In ipfitfi^ ht d|¥alf^ sn e^^perimantal apprsieh ts 
th(t sy»t6flK-- "asking quettieris ef It," hy trylni thinfi, and seeing what 

Karl> majjsf afsoffl^lfhmnt was a set of pree^uret which he used to animate 
the TURTIE In awh a way that he could •drive it ^ound" on the sereen. He was 
given th» initM oonsepts for the proca^ In the epeclfio instructldns 

himfttrif. Ths proMdurs ideas he wft9^^ven wer«r 

TQCAR TOCH 

SRitiilP 10MAKEtETTERKE¥ 

10. "D 10 20 IF iLCTTER - ''R RT 30 

aO #l 30 IP iLETTIR - -L 1^ 30 

30 FD :D END 

mm 20 

END \ 

ThA oommenc^ KEY was given n a "prifflWve" which "tells the computer whloh 
Ifttter yeu tyjm an the it^kmrd^" 

Using this basic Idea, Karl was able to define a system of commands that made the 
activity interetttng to him. 

First he decided what commands he wanted, and what letters he could use for 
theni. : He decided to locate all the letters in one section of the keyboard to make 
them easier to find. He wanted to ' slow the TURTLE down, and to have it wrap 
around the screen without going out of bounds, so he added WRAP and WAIT 5 
cmnmends to his CAR procedure. He vyantad to.be able to decide whether or not 
to leave a trace, so he added PENDOWN and PENUP commands. After some 
ditcussi^n with the teacher, ha dfcided that the speed of motion could be 
controjied by increasing or decreasing the siie of t^ach step, so, he added 
€9^fflands to. takf, care of that Ovfer a period of three or four classes he edited 
Ns procfdul'ea as fd^^ 
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TO GAR 
1 WRAP 

5 PENUP - / 
10 MAKE ''DT:t) 
20 CH 
25 WAIT 5 
^ 30 FORWARD :D 
40 GO 20 
END 




TOCH 

10MAKE"LEnERKEY 



Notice that the letters W (right turn), (fasttr), "S" <ilower), and "E" 
(smargancy itop), all ara abbraviatlons for thtir functioni whila the letttri "W", 
•'A" and "Q'rwara chosen far their poiU 



Having craatad a very i^lca "toy'* with the CQmputer, Karl anjoyad playing with it a 
lot Ha made soma nica discovariai as ha moved it playfully around the icraaa 
For a^amplai ha found that rapaatadly praiiing "S" would avantually maka the 
TURTLE go backwards at an aacalarating rata/ Or that ha^ould draw f dottad 
line by alternating the keys ''A" and "Q'V Ha triad letting the car go very fast, 
drawing slanted lines wrapping around the screen, and axparlmantad with the 
effect of many repeats of the iame commands, At one point he realiied that 
could use this device to write his name In script — but this was never fully 
completed 

Between periods of playing with his "car^ Karl continuid to pursue the Idea of a 
racetracki around which the car could be driven. He created the procedure TR 
which used circles to draw the racetrack, and Indudad a starting and finishing linet 
In the last class he was beginning to work on a iarles of procedurii that would 
allow the computar to keep track of the elapsed time for one circuit of the track 
Although the project was not completed, KaH was able to define the logica! 
structure of the race in a way that would have allowed a relatively easy 
translation to a set of computer procedurasi had there been more time. 



TOTR 
to LEFT 90 
aOFOI^ARO 190 
# LEFT 90 
40iC190 
50 LEFT 90 
60 FORWA^ too 
70 RIGHT 90 
80 LC too 

■ \ > 

10.2 Major Difficulties Eneount#r#d by Karl in Hii Work 

Kari's difficultiet were rtlat«i to Ns problm^ re^ng and writingi based on 
hearing difficuities and a very poor visual memory. This was refleoted in his 
painftjlly slow afrf poorly coorcBnattd apprwoh to using the keyboard. When Karl 
wanted to find a parlieular letter on the keyboard, he would iscan the keyboard 
with his, eyes, moving his finger biek a«i forth, as his/eyes shifted. Often Ns. 
finger would pass the eorrect key: several tinws before hittihj it If a wroi^ key 
was hit, an error message would result, and the whole process would begin agaia 
Althbufh Karl gradually Improved his typing, his difficulty finding familiar keys 
■continued to be fiotiteable. ^ 

Karl used the same random scannisng strategy for finding numbers, as well. 
Although he knew that the numbers were on the top line of ^he keyboard, he was 
unable to make use of their inherent order to make them easier to find. This was 
particularly striking when he was numbering steps in a proced«jre. Going in a 
sequence, 1, 2, 3, 4, ... he conducted an individual "search" for each number, 
using his scanning and finger moving tiishnique. 

Karl also had great difficulty reading error messages. Although he gradually 
learnt to include the new termlrraiogy in his sight vocabulary, he was unable to 
souhci'Out words, even Ihoiigfi he had seen them before. He either "knew" a 
word, er could not read )t Before Iwif, he had become familiar with the most 
common error messages, arL\ knew how to respond to them. He continued'to have 
a problem whenever an unlamHiar error messaia appeared. 

>To help ' overcome these difficyllies' Karl-made- regular use-^of-his notebook: for = 
writing the names of LOGO edm^iinds and of hew procedures. He referred to 
these wh«i he needed to recril the spelling or syntax of an instruction that he 
had already learned. When he had a list of commands on the scrern that he 




wanted to copy into hli notebook, he often asked either a teacher, or another 
student for help. 

Karl^ also helped ^Imself by limiting the size of his procedure names. He quickly 
realized that he could make procedure names very short; sometimes he wrote 
abbreviations for LOGO primitives (RC and LC for RCIRCLE and LCIRCLE, for 
example). Althou|h he eventually used two and three letter names exclusively, 
he did not seem to choose his letters In a way that made scannlni easier. 
Procedure names like TAM, ACE, CULL, sfid BU, all rtqulred a fair amount of 
scanning. 

Karl named ane of his procedures QWERTYUIOPASpFGHJKLZ^^ use 
of every letter of the alphabet, in their keyboard sequence, move 
his finger in order across all the letters, this name required no scanning, ar^ wai 
actually a lot easier for him to type than a three letter procedure harne fo 
he had to scan. 

When designing his CAR procedures, he did make use of keybbard placement, in 
choosing the keys he used to control the motion of the TURTLE. The lellers he 
used- - Q, W, E, R, A, S, and F — are all located In a ireup on the left hand end 
of the keyboard. Originally Karl thought he would make a cardboard cover for the 
keyboard, with a hole cut in it so that only those letters could be se^^^ He found 
this to be unnecessary, hcwever, and concentrating his attention on one small 
corner of the keyboard, was able to select the correct keys easHy, withoul any of 
the scanning or memory problems that occurred when he had the entire keyboard 
as his field, 

Given Karrs extreme difficulties with reading and with the keyboard. It seems 
filgnif leant that he persevered as consistently as he did In his LOGO work. 

10.3 Affective Aspects of Karl*s LOGO Experience. . 

At the beginning of the LOGO classes, Karl tended to have "deadpan" expressions 
at all times. This corresponded to his appearance when seen for Interviews, or 
on random occasions throughout the school. Even when he was successful In using 
the computer for the first few sessions, his expreision coRtmuid to be blank and 
non-committal. 

As his success continued, Karl became more assertive and curious. He asked 
what error messages meant, and sought to understand how to use new commands. 
He made a point of finding out how to use the Plotter and Printer, so that he 
could make his own "hard copy" of his computer work. Observing this during one 
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cl^ss, a regulttr observer Wrote: "Karl gesms more actively InvolvBd, engaged 
With, fihcl OsiHr tf^e eiomputerr on more of his own Interests, eUrioslties, 
purposes, aftS playfulness. Today he Inquired about the other equipmeriii and 
Was :mttt(^yt^ In Its f^^ prdduct8...Klrl rtiar^ times today It asking 

'*HflW'^VI»%SMfe'ffflpi%tt 

At about 'ihe siMeLt^ begih «to eKpi*«ss ah Interest In the work of other 

ithildrgn Iri Ihft fl|rt*jp, artel ? began to thaw tf«m his woric He invited a friend to 
felass artti SWilFttii^ prograins With him. He begiih to show that he Was feeHng 
<f ood iind 'tihjoyfhg himsi^^ His face was more expressive, his posture more 
riJgkia. "Mb Wrotii his riitne in ISrge bl«k lifters on a for miea tab!* Which Was 
Usid^y Ihia Tirtl^ graffiti bda^V«'^ Woudly be^n to 

Vlslttfl'S. 

Karl i^rbi%Ht* his. Jutor from the school's learning center to one of the later 
classes, irtd showed her his partially cemplBted "cif''' project, carefully explaihing 
etfch detail of his proirains to her. In tha next class, the observer quoted above 
ag^ln htitSd tthingel inl^ls bihavle^^ the room with Jimmy iand 

DaM*ne. Ms^lWfttidlBt^^^ 4 I notice thit he seems I© 

«^k illlir #lh • h«8 a wi^ bf giltlng right to th© 

.'buslnesfe,lit^hiiHd/^ ■ ■ ' : -f' ; ; 

Changes in Kirl's attitude bwa 

f^iigular tedeher; After about twen^^ LOGO classes she reported that Karl was 
begfrtning to ^how that he ritally car*d about his school work, that he had begun 
concentratini on his work In a way that she had not seen before, and tK^^^^ 
seemed to have a great d«al more confidence In his ability to carry out academic v 
taisks. She attributed Jhete changes directly to his feeling of success In the LOGO 
■ elassets."'' ' 

Karl's success in his LOGO classes demonstrated that with an appropriate 
educational environment, he was able to function at a higher level of ability than 
hii had: demonstrated in schoolwork, even with a great deal of orte-lo-one 
tuttrlng. At the present time Ws seventh grade leachers and his learning 
'drsability tutors are trying to develop an educational plan for him that will 
c^itali» on the abilities he has ^moristrated in the areas of reastfhing, logic, 
t'arirtng arW 'orflinization, In order to help him maintain the feelings bf sucstss 
'Ihit'hiB tfe^ieped wNle working on LOGO. 

Inihis fih&i iMterview, after the 4nd of the iOGO classes, Karl Was significantly 
fnore articuiate about intellectual activities (although not about his feelings).' He 
llstBd ten uses for a tin can (as opposed to four uses foi- a brick in the first 
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Diffieultles Uging Computer 



mtervisw). Instead of carrying out the four color pgrmutatlon task^ he asked "Can 
' just shovNT you how I do It?" and prbctidid to describe a system for llndlhg six 
permutations that started wijh each of four colcrs. With some difficulty, he 
correctly calculated that there WBre twenty four possibilities in all, and leaning 
over to speak directly Into the interviewer's tape recorder, he said: Twenfy- 
feur. Pm a bralnr 
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11. KatKS^ 



Kathy, a student who was new to the icheol this year, is considered to be an 
"above average" student. (Her most recent school administered achievement tests 
place her in the 60th percentile overall.) She is cheerful, confident, and enjevj 
playing" with words and ideas. 

From the very beginning of the classes, Kathy displayed a quiet confidence, and 
competance in using the computer. Althoygh not very assertive in the aarly group 
sessions, she seemed to have an eKcelient understanding of basics right from the 
start. 

1. Kathy's Working Sty le 

Kathy was a student with a subtle sense of humor who derived a great deal of 
mtellectual pleasure from her work. She usually worked In an eKpleratlenal mode, 
er in the context of short tasks, either self defined or sugfested by a teacher. 
When difficulties were encountered, she preferred to resolve them on her own, 
although without a great deal of persistence. When she did ask for help, she was 
accepting of the teacher's suggestions, and readily learned new Ideas in the 
context of the projects In which she was efjgaged. 

Kathy carried out dozens of small projects in the course of her LOGO e.xperl#nce. 
She shifted back and forth between open ended explorations and smair goal 
directed projects. Her favQi'H& acilvlty was to repeat and combine existing 
procedures to produce new unexpected results. Often she would Interrupt an 
exploration to pursue a particular Idea which had been suggested to her by the 
designs she had just created. 

One of the ways In which Kathy structured her work was In her cholc© of 
procedure names. Her procedure names often Indicated the relationship between 
a new procedure, and the subprocedures from which it had been built. Thus, a 
symmetrical design was called BARN because It was built by repeating a 
subprocedure called HORSE. A procedure called WORMY was made by doubling all 
the siies in a similar design called WORM. And, in a rare example of tep-down 
naming, a procedure called MONSTER was made up of subprocedures MO, MS. and 
TER. 

Kathy was extremely jomfortable with giving and receiving help. She often helped 
other children wHh the use of disks, pirticular elements of the LOGO language, 
ideas for projects, etc. She was also quite willing to ask for help when sKa 
needed it, both from the teacher and from ciassmates, especially Monica with whom 
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Werkirs^ Stvie 



she .worked a joed deil. In this Wfiy. Kithy was able to make sttady prQgress In 
her under Jtt^fMi ef LOGO, In htr abWIty to coneelva and carry out projects and In 
problem aolvjng skills. 

Kathy «njoyed .working vwth censepts, rather than simply with practical results. 
She was the only student tmeni the first eight to persevere In making the 
computer draw a circle. She spent a lot of time, talking with her teacher and 
playing TURTLE, until she understood that she could make a circle by repeating 
FORWARD aO, RIGHT 20, over and over again. She rejected the idea of 
.accomplishing this with recursion (although it would have been quicker), because 
she was trying to follow through with her own idea of, repeating each step, step 
by step. She, did accept the idea to combine several of the steps Into a 
subprscedure, and then repeat the subprecedure to make a circle. When her final 
result, .SHELL, eventually had too many steps, and went on past the closing point of 
*Jm cirel®, ahe was satisfied with It She knew that she could have modified her 
cirele to make it close exactly. What she had been concerned with was whether 
the circle would ..close at all. When it did, she was satisfied that shd had solved 
her problem. 

TO ROUND TO SHELL 

1 FORWARD 20 1 ROUND 

2 RIGHT 20 ; 2 ROUND 

3 FORWARD 20 3 ROUND 

4 RIGHT 20 4 ROUND 

5 FORWARD 20 END 

6 RIGHT 20 

7 FORWARD 20 

8 RIGHT 20 

9 FORWARD 20 

10 RIGHT 20 
END 

Thia was typical of Kathy's approach. She developed a concept of what she 
wanted to do. She asked for help when she felt she needed It. She listened to 
the various suggestions, and selected from thtm the ones she wanted to follow, In 
accordance with her own understanding of what the problem was about. Whatever 
approaches she used in her problem solving, she learned. While she often asked 
fpi' help, she did not need to ask for help In thoM areas again. 

Kathy was comfortable inltating ideas for projects, and borrowing them from others 
— even copying procedures directly from a booklet or bulletin board. She quickly 
learned that direct copying often led to uneMpected problems, and she became 
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Working Style 



more careful with her borrowing. 

Kathy and Monica worked together a great deal. (See profile #14, Monica.) Both 
of them were Interested In small, short-term projects, with visually pleasing 
results. Both depended on their mutual sharing ao a source of Ideas, help and 
reassurance. Although they often worked on the same tasks, they usually worked 
separately. Their approaches, and results, were different. Kathy's favorite 
activity was making. a procedure and repeating it. Monica's was repeating a 
procedure and putting a rotation after each repeat. For example, Kathy borrowed 
a procedure of Marilyn's celled HORSE in which the computer repeated the 
instructions, BOX, RIGHT 20, five times. Kathy changed and elaborated it as 

follows: 

TO HORSE 

1 BOX 

2 RIGHT 70 

3 BOX 

4 RIGHT 70 

5 BOX 

6 RIGHT 70 

7 BOX 

8 RIGHT 70 
END 

and she repeated It, using: 

TO BARN 

1 HORSE 

2 HORSE 

3 HORSE 

4 HORSE 

5 HORSE 
END 

Kathy made BARN, after rsptating HORSE savaral timas hy diriet command and 
deciding that she wanted to repeat HORSE exactly 5 timesp Although the could 
have used recurstoni she chose to limit her repeati to exactly five. She alio 
called her new procedure BARN, Introducing the mnemonic device "a barn it a 
group of horses/' Once again, Kathy was "In charge" of what happened, using the 
cliche idea, "repeat a procedure over and over," keeping control of both the 
process and the end result. 
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Figure 11.1 , 

Thus wKen KatHy and Menica werkid on similar tasks, each child brou|ht her own 
spielfic krieWISdge, experience and "feag of tricks" to the projecl; and came out 
with a result tHit made her feel succsssful. Looked at In detail, we see that the 
girts actually functluned quite differently, and what each of them learned from the 
project was probably quite different. There does not seem to have been any 
great sighificance to the choice of angle (20 degrees for Monica and 70 degrees 
for Kathy). Both were simply using a number that had worked out well before. 
Kathy's 70 may have been just a mis-copying of Monlca^s 20. 

2. Some Examoiea of Kathy's Work 

Kathy's approach to her work Is exemplified by a series of small projects which 
made use of a BOX and a TRIANGLE procedure as fundamental building blocks. The 
BOX and TRIANGLE procedures were constructed during periods of carefu!, goal- 
^r^#cted explorations. 
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Kathy; Simple Designs 



TO BOX 

1 FORWARD 100 

2 RIGHT 90 

3 FORWARD 100 

4 RIGHT 90 

5 FORWARD 100 

6 RIGHT 90 

7 FORWARD 100 
END 



BOX 




TO TRIANGLE 

1 LEFT 90 

2 FORWARD 100 

3 RIGHT 120 

4 FORWARD 100 

5 RIGHT 120 

6 FORWARD 100 
END 




FR I ANGLE 



Figure 11,2 



Figure I i. 3 



Box was the first procedure completed by Kathy and her group, and they 
immediately followed by constructing a series of figures making use of BOX as a 
subprocedure. (See examples in Part II, Chapter 5. section 1.3.2). It was quite 
natural for her to repeat TRIANGLE as well. She was pleased with the result, 
calling it BUTTERFLY. She then repeated BUTTERFLY six times until the flpjre 
"closed" This new deslin she called 7BbJTTERFLY (reflecting an initial miscount of 
how many repeats of the BUTTERFLY procedure she had used). 



TO BUTTERFLY 

1 TRIANGLE 

2 TRIANGLE 
END 




TO 7BUTTERFLY 

1 BUTTERFLY 

2 BUTTERFLY 

3 BUTTERFLY 

4 BUTTERFLY 

5 BUTTERFLY 

6 BUTTERFLY 
END 




Figure 1 1 .4 
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Followina her initial e>^ploration with triangles, Kalhy's teacher suggested that she 
put her TRIANGLE and BOK procedures together to make a "house" After some 
goal-directed exploration, the HOUSE procedure resulted, Kathy immediately 
repeated HOUSE four times (calling this new procedure H0USE4) until the design 
closed. Next she wanted to see how her H0USE4 design and 7BUTTERFLY would 
go together. She named the result HB47, Indicating its relationship to KnUSE4 and 
7BUTTERFLY. 
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Kathvi Simela Dcriifw 



TOHOl^E 
a RIGHT 30 
END 



T0H0USE4 

1 HOUSE 

2 HOUSE 
3H0U^ 



TO Ha47 
1 H0USE4 
i 7BUrrERFLY 




HOUSE 





Flgura n.S 

This set of projeels culminated when Kathy declared that HB47 
spider," ar^ relwTiid to goal-directed activity, adcHng a series of 
desif rv to preduee the procedure SPi. 



looks like a 
es to the 



TO SPI 

2 RCIRCLE 30 

3 LCIRCLE 30 

4 RCIRCLE aO 
§ LCIRCLE 20 
i SACK 30 

7 RCteE 10 

8 LCmE 10 

wm 
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Although Kathy had constructed HB47 and lit subprocedures by repetting simple 
shapes over and over to makfl a symmetrical disign, she was ilso able to make 
explicit use of both rl|ht/left symmttry and similarity of shape in the process of 
constructini her "spider" It was this combination of more or less random 
explorations Involving existing procedures, -with expert use of heuristics such as 
similarity and symmetry when working In a goal-directed manner, that most 
commonly characterized Kathy's work. 

When Kathy repeated her borrowed XMASTREE procedure, she found that mary 
r epeats made a lovely, complex design. Here she used recursior^ since she was 
not concerned about how many times the procedure was repeatsd in all. (Figure 





XRASTREt 



Figure 11,8 



STAR 



Later In the series of classes Kathy did a lot of exploration with arcs ared circles, 
and began to work ori ^me longer projects. One day she decided that a teries of 
arcs "looks like a worm " and wrote the procedures WORM and WORMY (In wNch 
WORMY Is exactly twice the size of WORM). (Figure 11.9) 
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Kathyi Drawing a SotetoP 



TO WORM? 
1 RARC 30 

30' 

4L/Wa30 

s Rciime mi 

TO WORMY' 
1 RAReSO/ 
2tARe 60 
3. RARC 60 
R UARC.&ft 




mm 



Figure 11.9 




WORMY 



In a.lal\w ftJ«B«5imWf^, whlciv Wffde us« of syrmnstry in an unuiual way, Kathy 
cf«att^ai^«^ l^jOiii TM^^^ 




m 



MONSTER 
Figure U.IO 
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DebuEBina a Monster 



When she decided to teach MONSTER to the computer, the teacher suggested that 
she break up the. project into parts. She isolated three parts, and decided to 
name them MO, NS, and TER, so that her procediA'e MONSTER wodd be: 

TO MONSTER 

1 MO 

2 NS 

3 TER 
END 



and the subprocedures were: 



TO MO TO NS TO TER 

1 RARC 40 1 LARC 40 1 RARC 40 

2 RARC 20 2 LARC 20 2 RARC 20 

3 LARC 40 3 RARC 40 3 LARC 40 

4 LARC 20 4 RARC 20 ^ LARC 20 

5 LCIRCLE 20 S RCIRCLE 20 5 RCIRCLE 20 

6 RCIRCLE 20 6 LCIRCLE 20 6 LCIRCLE 20 
END END END 

Kathy may have realized that MO and TER were Identical, but In any ease, sh« 
wanted to have TER as a distinct procedure to follow through on her naming 
scheme. Now, when Kathy typed MONSTER, the result was. 




Figure 11.11 

Kathy had forgotten to Include the Interface steps between the three prMedures, 
so that when she ran the procedure MONSTER, the result was c^^ ite discouraging. 
Whgn asked for help in debugging the teacher iuggetted running MO, NS and TER 
separately. When Kathy did so, she could sea that the intermediate steps had 
been left out. Her teacher helped her to, work out what these steps should bm^ 
and in Its final incarnation, MONSTER becamei 
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Debugfini a Moniter 



1 MO 

2 SACK 60 

4 fWWAA0 60 

5 LEFT SO 
6TER 

7 \jm 40 

wm 

Kathy's iMt project, carried out durinf elattet 21 sN 22, also Invelved 
tyfiwietrical ares, and also riqulrad a foed deal §f debugglnf. In this case, Ktthy 
had tried eut a loftf sequence of dirael commandt, and made a mistiHe or two in 
copjwf ihmi Ms bar notebook. When her procedure turned out to be bufiy, she 
had to ^end a Jet of time steppinf thrs^ it, In order to figure out which eteps 
vwe wr«i^ and how to fm thera. Snce riw had numbered all her steps toy ones. 
she had to do a great deal of unnMesMry retyping. At several points In her work 
it had been «%^ted to Kathy ttet ^e number steps by fives or tens, but she 
had never felt a need to adopt that suggeBtioa <ln the class following this e le, 
Kathy had a vWtor, Renee, who was learmng to write a procedure. When Kathy 
taught Renee, she told her to number the steps by tens. It seems that she got the 
point, however telatedly.) 

3. EKpiorlng the Effects of Different Angles 

If Kathy*8 work had an area of weakness, It was in Turtle Geometry. Kathy had 
difficglty estimating angles, ard tended to stay away from projects that madfl it 
necessary for her to work precisely with angle manipulations. Although she and 
the teacher had "talked through" the Idea that "when the turtle goes all the way 
around. It turns 360 degrees," as part of Kathy's circle project, this became an 
idea that she "filed" away, and did not find much use for on her own. 

To help Kathy focus on the effects of using diffirent angles, she was shown a 
POLY lANQUE procedure. While she liked the designs that It made, she did not 
analyie the connection between th* Input number, and the shape that resulted. In 
t»r fifat sMsion eKpeiimentlng with POLY, ihe used the inputs 88, 234, 12345, 
300, 344» SO. iSS, 125, and SS^ 66^ SSS^ and 77. Although she used POLY ^in 
eft •everd t^her oocai ion% she c^Unued to choose inputs fairly randomiy. 
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^Blorlng Angles 
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Flgurt 11.12 

Ouring class 20, ihs was eKparimenting with hsr proQedure WOW which drew a 
set of ntstad iquarat. Sha was trymg to rotata this to eraatt a p^rtleular dasigni 
(Figure 1L7) but could not dttarmlna tha corract angla daipUa idvaril attampti. 
To help har foeus on tha problam, sha was shown tha procadura* 



TO SPINWOW WANGLE 

10 WOW 

20 RIGHT lANGLE 

30 IF HEADING ^ 0 STOP 

40 SPINWOW lANGLE 

END 

This was meant to serve as a vahlela for exploring anglaSi and for furthering her 
undarstanding of variablas and STOP mlai. 

At first she chose inputs like SOOp 9999| 777 and 666. At the beginning of the 
next class, a discussion was held about 'Ihtareiting angles,^ and she was remindtd 
that the TURTLE turns all the way around in 360 degrees^ It wat suggested that 
numbers that divided evenly into 360 degrees might be "interesting numbers** and 
that she spent the period eKperimanting with SPINWOWp and taking notes on the 
results. 

Initially Kathy bagan using inputs that were f actors of 360| like 4, 12| and 18| 60 
and 90, She quickly branched out to 100, 200i 400, eta Since she had been 
specifically asked to take notes on the resultf, sha paid careful attention to what 
was happaning, for the first time. For eKampla, she counted tha number of "cones" 
that appeared in the designSy and this showed har that certain figures (SPINWOW 
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K«t^ 11.13 Scploring Angles 

Figure 11.13 







SPINWOW 40 
low 200 SPINWOW 400 



SPINWOW B00 SPINWOW 12( 
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Bcpioring Andes 



200 and SPIPJWOW 400) looked -the simt^ Her notat, tntitl«l ^Interview with 
SPINWOWS" are copied from her notebook Ctaa Figure 1 LI 3), (compara this with 
Monica- s work with her procedure WISHWOW), 

Interview with SPiiyWOWS 

SPINWOW 40: it had 9 points it looked like a spldere web. 

SPINWOW 200i looks exactly like splnwow 40 

SPINWOW 400: leeks exactly like the two above. 

SP1NV.^0W 600: it has three points looks like a martian faca 

SPINWOW 120: looks like SPINWOW 600 hat that martian face look 

SPINWOW 30i it has 12 points looks Ilka a combined thing of a 

snowfiake and a spiders web. 

SPINWOW 90: It just makes a biger wow 

SPINWOW 140i it has about 17 points looks Hke a inowfiake. 

SPINWOW 60: looki like a wow that was dona 6 times has 6 points. 

Kathy liked to initiate new projects, was comfertabla with naw Ideasi and enjoyad 
the challenge of working on something to which the answer was not known In 
advance. She accepted the existence oi bugs evan coir^ed the phrase 
"exterminating" to replace "debugging" — and wai willing to work to resolve them. 
On the other handi .she usually chose to work en small projectsi and to carefully 
limit the tools required for any task that she set harself. This was her way of 
remaining in control of her work, making sure that her experience was not too 
confusing for her 

If Kathy continued with LOGO classeii she could have workad on mora projects 
using angles as variableSp and on at least one long term project that r#quired 
advanced planning and the use of subprocedurai. More work in ^hase areas would 
hava nicely rounded out her LOGO axparlenca. 
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12. Kavin 



Kevin is a consciBntious student who is considered to be "below average" In most 
of his school work. On his sixth grade achievement tests his overall national 
percentile ranking was 45. Nevertheless, Kevin was consistently a very abia 
student in working with LOGO. 

Kevin began the series of classes with a confident and accurate control of the 
TURTLE, which persisted throughout his work. He did not Initially have the same 
sureness in using the computer as a tool to simplify and organlie his work. 
Kevin's most significant project was the design and animation of a large "turtle", 
which he drew on the display screen using circle end arc procedures. While 
working en this project, hi" began, to use the Idea of subprocedures and state 
transparent pr ocedures to simplify his work. During the last few classes he 
worked on projects involving the use of two and three variables to produce 
designs (such as his TUNNEL procedure. Figure 12.11) which used the idea c* 
similarity as a guiding principle. 

Kevin demonstrated a clear understanding of the concept of variables and was 
able to add variables to his procedures to control both the size and shape cf the 
design elements and the starting and stopping of the procedure. He progressed In 
his work from using the computer to control the TURTLE, to learning how te 
control the processes of the computer Itself. 

1. Kevin's Working Style 

In the first few classes Kevin demonstratad an e>^ceptional ability to control the 
TURTLE. He was quick with accurate estimations and changed or combined steps 
with confidence. Kevin was the first student In his group to see that a rotation of 
90 degrees was necessary to make a square, and the first to see that ^IGHT 90, 
RIGHT 90, could be replaced by one Instruction, RIGHT ISO, to turn the TURTLE 
around. He rapidly learned to shift the position of his head, to parallel the 
position of the TURTLE, In order to decide which direction to turn It. In general, 
the world of the TURTLE was a very comfortable one for him. 

Kevin was a compulsive note taker, He took notes as he worked, and then 
recopied them, so that they would be "neat" in his notebook, When the children 
all woirked as a group for the first four classes, Kevin was the first to take on th© 
role of "recorder". At the end of the first day, after the group had made th© 
TURTLE draw a box, but had not yet learned how to write a procedure, Kevin 
wrote down the steps In his notebook, so that they could be rememberedi 
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FIfWe 12.1 

With thm exe«ption of one projict, Kevin msde f corwBrted •fforl to finlth 
averylWnf he stirted. He was willing to ejcptrlmtnt patiently, ■nd whm 
socnethlng did not work out exactly rigiit, start agein. His careful notes of 
msMsftjl ftept, enaUad Nm to start easlly from where he had left off. 

Kevin's ma|or diffleutty in working with the computer was an INtlal retyetance to 
plan ahaa^ or to think ^out and structure his work more than one step at a tim®. 
Thd teacMnf atrateinf used to deal with tMs was to supply K«>dn wittt new ideas, 
•t the tnenient when they made the greatest sense io Hm When they simplified 
Ma work or afwwfired an imniediate need. In tN» way he was able to asslmilaia 
rMw Ideas, and ineorporate ifmst In Ns subse^nt work. 

Kevin was venr responsive to suggestions from the teaoher. 1^ absorbed new 
idaiaa cjuieMy, whan th^ ware retevant to Nt work and to Ms msting aenso of 
im/ tNi^ eauld be deiie. In the same way that Kevin automatleally eontbined 
at^ t© rewrite FORWARD 50, P^ARO 50, as FORWARD IQQ, the next time 
he wn^dte it, er RfOHT 90, RIGHT 45 at RIGHT 135, he readily aeught out and 
0th«r ideas that led to ahortcutt, or itreMrilning in a partim^ prejeei 

Ke^n htfd a jinew' approach to problem solving. He approached taakt one atep at 
a ttwe, in order. Advance planning was not his specialty Although he did learn to 
ute »i*pr©ee^es within a larger project, when he had one part that was 
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Working Style 



repeated over and ovsr, or whin hi nsidsd t© brisk up his work into 
manageable chunks, ha wsi never intareited In "top down" planningi in which he 
Would have had to decide in advance which iubprocedurii he wanted to use, and 
how to organizs them. 

Kavln's work during the series of clasies can be divided Into a few major 
segments. During the first four sasslons he worked with the entire group, 
learning the basics of LOGO by daveloping some designs involving squares. Next 
he invented a triangle procedure, and created other, shapet using the triangle. 
After abandoning a complex flpg project he began his largest project — making 
the computer draw and then Animate a large "turtle" He worked on this for the 
major part of six different claises. During his last three working seislor^ Kevin 
worked with POLY procedures, exploring angles, shapes, variables and sUh rules. 

During the first four classes, Kevin took a lot of leadership, as the class worked 
together on a series of projects invoiving boxes. Kevin suggested ideas far 
projects^ names for projects, and was especially helpful in suggeiting the itept 
needed to carry out the projicts* It was only when the teacher suggestid that 
one of the projects be carried out in a top down, plan-ahead manner, that Kevin 
had difficulty understpding what was happening, and how to proceed 

2, K evin-s Early Projects 

Kevin's Intuitive grasp of Turtle Geometry became mora apparent drying his first 
independent project — making a triangle. His very first attempt was RIGHT 45, 
FORWARD 100, RIGHT 45, RIGHT 45, FORWARD 100, producing the figure shown. 



B 




figure ItZ 



He needed two tries, experimenting with the angle at point C, before hitting on 
RIGHT 45, RIGHT 40, RIGHT 50, which he first combinad to RIGHT 45, RIGHT SO,- 
and then to RIGHT 13D, when he wrote the procedure, in estimating the distance 
to close the triangle he first chose FORWARD 150, then moved the TURTLE BACK 
10, and changed the total to FORWARD 140 In his procedure. Kevin's triangle 
procedure, arrived at In about 25 mlrajtes of exploration was; ' 
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Dfiwing A Tritnrta 



TO 

! RtaHt 4S < 

4 rdnWAKD 100 

5 RISNT Ids 
$ft^Am 140 




Figure i as 



Wh0h KevSn rmp&atM OF, It madt a fl6Wer''llk« 0tign. He also used his OF 
preceidure, aiong ¥HtH BOK, to inalit Mi ewn vttrden §f a house, arid a row sf two 
houses. 



I OF 

30F 

4 OF 

5 RIGHT ISO. 
6F0RVVAm200 




Fl^e 12.4 
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Pfawing a Flag 



I 



TO HOUSE 

1 BOX 

2 RIGHT 90 

3 FORWARD 100 

4 LEFT 90 

5 FORWARD 20 

6 RIGHT 90 

7 OF 
END 



TO 2H0USE 

1 HOUSE 

2 PENUP 

3 FORWARD 100 

4 RIGHT 90 

5 LEFT 180 

6 FORWARD 100 

7 RIGHT 90 

8 FORWARD 50 

9 RIGHT 90 

10 PENDOWN 

1 1 HOUSE 
END 



Kevin's next project was to make a large American Flag. His flag was worked out 
as a long sequence of steps. It was based on the procedure BIGBOK, which 
provided a background of 100 by 100 squares In a 4 by 3 grid. Kevin used the 
boxes of the grid as marktrs, as a kind of "coordinate system," so that he could 
tell how long the p»Hpes should be. The flag, which Kevin worked out 
experimentally by direct command, looked somethini like this: 
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Drawing a Flag 



Figure 12,6 

K#vin toeli eareful n§te% and attampttd t@ write down etch sij^aessful step in his 
natebook. Unfertunatalyi there were many stepSi ar^ Kevin made t few mlstikes 
in copyings The proeesi ef itobugging the inc§rrect stepti and rettering ^orreet 
ones seemed too fern^dable to Kevin, and he decided to abandon the project 
The teaoher used the iltuatl^^n to tuggett a different approaohi plan out the 
projecti using subprocedurts for the long and short strlpesi ete.| Sometaw, Kevin 
did not imderstand this approaeK Or he dd not want to •'shift gears** and start 
over He preferred to drop the project — the only time Kevin ever gave up on 
anything ha started / 

a Kevitfi "Turtle" Project 

Ne^t, Kevin began what became his majar project lasting for mn classesi over 
a two week period. This timti he did a certain amount of advance planning. First 
he drew a picture of what he wanted the ""turtle* to look like (Figure 12 J), and 
started right in to construct itp using arc and circle commards. TNs timep Kevin 
was willing to work in terms of subproceduresi^ SHELLi HEAD ar^ FOOT (at the 
teacher's suggestion), but his approach to building the ""turtle** was still sequential 
" a step by step prwess. 
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le working on this project, Kevin absorbed a lot of new techniques He 
bewme e^<pert in the use of PENUP mode for exploratloris. He learned to use 
tmdS 4 with precision, carrying out careful explorations with th 

an DinJr^^" ^ Using, for example, RARC 90, followid by RIGHT 180, LARC 
AorD D A °' Kevin was also shown an arc procedure with a variable angle, 
ARCR :R :A and ARCL :R •.A, so that he could easily move the TURTLE around the 
circle which formed Ns "turtle's" outer shell. ^ 

As he had done for the flag project, Kevin Invented his own coordinate system to 
aid him in moving around the outer shelh the 3500 display system leaves a dot 
after each individual step. The RCIRCLE procedure Kevin was using made use ©f 
T£Sn ^«8''®®8 as the basic step. By experimentation, he discovered that 
ARCR 90 60, for example, would move the TURTLE exactly six dots along the 
outer circle. In this way, Kevin was able to navigate the TURTLE around the 
SHELL m a precise mRnner, to locate the "tyrtleV feet, and tail, in relation to ltd 
head and each other. 

Another device which Kevin used to draw his "turtle", was the use of two 
modular subprocedures, FOOT and BKFOOT. Kevin would move the TURTLE 
around the "turtle's" shell using an arc command until he reached the point wher© 
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h« ne«d«d to lecite ■ ftiel of thi -tt*tt«* With «ht htip of his teaeher, ho wrote 
tht pr§c«dup«t FOOT trW iKFOOt. fhtio Wort •Imott oquivaiont to a stato 
transparent profitfurt w^^^ foot of tKi-ti*lfe" and returned the Tl^fLE 

to the 9hMI> re«^ to move irlund to thi n^xt point at wNch a foot was ne^ed 



TO FOOT 
SFt^AROS 
lO RARG 26 

liRARd ao 

20 FORWARD 11 
END 



TO IKFOOT 
iOFORWAW 11 

mum^ 




Figure ia,S 

In this way, Kevin could move along the circle until he came to the point where a 
FOOT waa wanted. He would then use the foUowIng sequence: LEFT 90, FOOT, 
RIGHT I ao, BKFOOTi LEFT 9a This woiid return the tURTLE to exactly where It 
had been before maklni the FOOT, ready to continue its Journey around the 
SHELL (Figure 12.i. V 



IT'O 



^2>9 Drawing a nTyrtla" 




TMs i^^reple % lltscutted in detaM^^we tt^jj^t ^ good genia of liaw well 

fit into thft bNie ajsprftish iia wmIi«Iii|. He ^i^te^ tKe Idea of making the 
raOT^pp|Ssttft«» il^lf tian^arerit ^the tiicMi^ IdeiO, but c^mbinBd it with 
fOCF^^^i; W^wm^w^ he ado^^ the Idea, 

•he U6id Ht iMcp^tly, wit It vi^ thdn Ifilrly easy for {ain to 

c«nplet«i^1tupUe" i^^ 1^1^. He^ j^wMed tttia Idea of m 
acroas thifrfMI. 




s . ... 

4. Kevirf 8 WorIt witii Viriablet 

Kevlri's latl few projects fmolvad POLY procedures and variables. Kevin was 
shown a POLY sSIDE sANGli^ procedure, after he had explored uilng It with 
different inputs, the teacher suggasted that he keep the angle input oohstaht, 
whHe vanrtng the tiie. He theW dreW a series of POLYs with a cohW^^ of 
45 degreei. POLY 50 4ft Pa.Y SB 45,..P0LY 110 48. tWs made a design that 
KavJn called a 'tunnel" He liid the ieMher tMkGd tttijp thr* prosadure 

' I 
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Work with Variables 



TO TUIVNEL :S!ZE 
10 POLY iSIZE 45 
20 IF :SI2E « 105 STOP 
30 TUNNEL :SIZE + 5 
END 




Figure 12.11 

During the next class, Kevin made a great leap in understanding the use of 
variables. He experimented with varying the size of a POLY whose angle was 90. 
Then, with some help from the teacher, he wrote the procedwer W 



TO LIFS :SIZE 

10 POLY sSIZE 90 

20 IF iSIZE^lSO STOP 

30 LIFS sSIZE + 2 

END 




LIFS 10 

Figure 12.12 

Kavin then asked if ^tha amount thu POLYs grow saeh time" couid be ehangad, and 
if the liirgest slie eauld bf changad. He picked the variable mmm SET amJ 
LARGE for these quantities, and with semi syntax help from his teacher, wrate 
the procedure: 

TO UFC :SIZE :SET IL^RGE 

10 POLY iSIZE 90 

20 IF iSIZE - iLARGE STOP 

30 UFC iSIZE + iSET :SET sLARGE 

END 



In the course of eKploring the use of diffarent inputs to this procedurep Kevin was 
delighted to diicover that keeping all the inputs the same had the effect of 



pfeducir^ a vartlfol© tliid s^ft Ht undtrstood lhat thi masen th« pf«ciAir» 
oNy eH« s^Jire wis IM 1H« •tarting md «ntf ng sirat wert Idenlle*. 




UFC 100 100 100 



Flpri 12.13 

During thete stssiens, Kevin denwnstrated the same quick learNng In the use of 
varieW#$, tNrt he had she^ with rigard to fw-tle Geometry. This wat possltiie 
beeause to wis ygl^i these eSemints, manlpulating them to acNeve a purpose. 
Always rtea^ tet ebsor^ an^asl^ ef delnt something, Kevin was able I© 
mAa a Imp In uhderatiiifl he had not ac iks^ earlier, when the Idei of 
vaHtWes and ttep n^es had been Introduce as a iesson fer the whole greup. 

S. Ccnclusions 

Kevin began the series of classes with a very strong and Mcurate sense of how 
to oontrol the TURTLE. He did not originally show the same sureness in using the 
computer as a tool to organlit and simplify his work. WW on his 

"turtle" project, he began to use subprocedures, and state transparent designs to 
simplify Ws work. By the end of the serifs of classes he had assimilated the Idoa 
of using variables to control the slie and shape of repeated POLY designs, arid to 
cdRtrol the procedure Itself. Thus he had moved in his work from using the 
cofrtpuler to control the TURTLE to leaining to control the computer itself. 
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13. Laura 



Laura is considered to bg an iysragt studtnt by htr ttachari. (On htr m§it 
recently raeorded sehoel achievemint ttstip hcwavsr, bar national ptroantile 
ranking was 73,) Laura got off to a good start in har LOGO work, quickly 
mastering basic TURTLE commands, and the uta of proceduras and subprocedures. 
By session 8 she had complatad a subitantlal projaet drawing a faca using a 
top-down program structure with subprocaduras. 

She worked raally wall for thraa or four mora sassions aftar which her 
progress boggod down a bit as savaral naw idaas ware introducad In close 
succession, and the projects sha was trying to do bacama hardar. 

L Laura-s Workini Styla 

Laura had a tandancy to try to laarn quickly. She wantad to "know" tha answer 
immadiataly and preferrad not to ask for help axcapt when absolutely stuck. In 
addition^ aha had a difficult tima articulating har purposes In working, Whathar 
this was dua to the fact that sha herself did not k<iow her purposas, whathar sha 
knew them but could not articulate them, or whathar she just fa!t that thay wara 
"private" and did not want to shara, Is not entlraly clear* What Is clear, according 
to an analysis of her dribbia files, is that thera ware tlmas whan sha was 
confused about left and right turns, about the effects of a sarlas of steps in a 
procedurei or about error messages generated by misunderstandings about LOGO 
syntax and she did not ask for help, or use any other thoughtful strateglas for 
clarifying her confusion. Laura oftan evidenced confusion by appaaring bored, or 
by acting in ^ particularly "parky" manner. In describing Laura's experience we 
will try to identify what wa bellava sha laarned solidly, and what sha avidanced 
confusion about 

Laura showed great Intarast in making large, fradly concalvad dasignt ^n the 
display scraen, Sha craatad the designs one step at a time, consi^arlng 
thoughtfully the siia and placement of each naw addition to har creation. It was 
difficult for Laura to make the transition to formalizatioh of har worki to braaklng 
it down into small tasksi and to planning and organliation. Consaquantly, there 
was often a gap betwaan what Laura wantad to accomplish, and what the was 
able to accomplish. Laura did carry outT^falv^ a FACE project 

with sevaral subprocaduresi a serias^ of designs using circles and squares of 
variable sizes constructed by means of recursive procedures with changing inputs; 
a "madlib" language game for which Laura created the basic storyt V>rota out lists 
of nouns, verbs, adjectives, and adverbs, and for which the taachar helped with 
most of the programming; and cauiing the computer to draw har Initials, 
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mtflltesUtlen 6f Mr conf^^ mueh •trats wai plaeed on offering her new 

ldMs,j rather then ynderstindinf tiiri,^Ufjo^ taklni tttps to help her limit 
her i^^^M 4md eoMdidflte httr ^^^^ letrNf^; Layra*s difficulties were 
cempounaed by the fact tJat the iBd flot like to ask for help, ihe did net like to 
be etjser^ in her work, and she astumed an "air of confidence" at all tlme§. 

At the very fiwt wsslor\ l^ra sh©w»d.^y^ in procedure naniei and In 

cori(!rnunle«tini"^with the eomputer; screen, and 

asked "Does the ceroputer eat? It ttyt VGOD'" She was also very Intrigued when 
•he mistakeniy typed "BLT, and the com "YOU HAVENT TOLD ME 

HOW TO BLT." (Mijch later she was t© say "let's teach It how to BLT," and "Gary, 
remember SLTf 

d ■ " ... 

Laura, who w left hand»d, often ha^ "driving the TURTLE," especially In 

dtstlwgwshfeg^feetween left and rlght^i^ project^ the eye on the right of 

the .drawiflg^wes called LEFTEYE which would have been accurate from the 
^perapectrw ^f the face looking ,M from the dl*^^ She often 

reversed totters. <n spelling (NOES for 

At the same tirne, Laura demonstrated over and over again, that she did not like 
to make an analytical effort in htrwork. She cduld copy a "formula" suecessfully, 
and even Kave ^n Idea why It worked, but sl^ had difficulty In adapting It to a 
new sltuatren, or changing It slightly. She rerely mada a specific plan that she 
I carry through -- preferring to erase a procedure rather than edit It, and 

to clear the screen and start again with a drawing, ra|her thin analyzft what was 
wrong. She iven developed a habit of typing POTSf(PRINTdUf TITLES), every 
time shfK wvantad to mskg any change In what she was doing. This, had the effect 
of displaying a long string of procedure names on the screen, and totally "wiping 
out" her, previous work. (Tina created th6 same effect by typing a string of 
carriage returns.) 

It seemed irnportant for Laura to ?gtve the world the impression" that she "knew 
a tot;" wltheyt miklBg a rial mtejleetyal effort to learn. Along with this went the 
stratftft^tet^hiaing Wha did ask for help, only 

•Itendlfjg! ttii'ilw flrf problem — I.e. 

^f«t W»/pra^riwe to ^ the ri^^ on the underlyini 

ipHfl#te8«^^rtt^lng •trategies. 
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2. Laura* Work in Turtle Geometry 



During the first class, Laura had a good deal of difficulty "driving the TURTLE" — 
choosing correct numbers for right, left and forward. She appeared "bored" with 
TURTLE drivlni activities, and the teacher introduced the Idea of writing a random 
procedure, and repeating It — an idea that Laura seemed to enjoy and understand 
but that she never tried for herself when working alone, When Laura got her 
first chance to work alone at a graphics terminar she worked without advance 
planning to build an elaborate open ended design. In the next class, she did 
another elaborate design Involving many instructions, some of which had already 
disappeared from the screen before the design was complete. When she 
attempted to "capture" the design on paper so that she could teach it to the 
computer, she had already lost soma critical steps from the first part of her 
exploration, 

At the beginning of the next session, she was asked to plan a simple design by 
drawing It first on paper, then trying to draw It on the screen and finally teaehing 
5t to the computer. Laura decided to make a face, and drew the following sketeh! 




Figure 13.1 

Carrying out this project was difficult for Laura. She had not yet written any 
procedures, and this project needed sub-procedures. In addition; all her 
previous deelins had been "planned as they went along," with Laura workmg in 
"designer mode" — try this — then try thst. Now she was trying out a fixed plan 
— but she did not understand clearly enough how to manipulate the sizes of the 
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elementi eiroles and squar«i, ina. hew tft leeiU ths sp that thsy would 
be m th» wrMt poflltleni. Sh« MMlt^ i i^l si hiip to work threu|h this 



TO FACE 

1 NOES 

2 RIGHTEYE 

3 LEFTEYE 

4 MOUTH 

5 SQUARE 1 
END 



TO RIGHTEYE 
1 PENUP 
a FbRWATO 60 
3 LEFT 90 
4F0RWWARD 40 
B RIGHT 90 

6 PENDOWN 

7 LCIRCUE 30 



TO LEFTEYE 
1 RIGHT 90 
? PENUP 

3 FORWARD 80 

4 RIGHT 90 

5 PENDOWN 

6 LCIRCLE 30 
END 



TONQK 

1 LEFT 90 

2 FORWARD i 00 

3 RIGHT 90 
4SQUARE 
5 RIGHT id 

6. FORWARD 20 
7 LEFT 90 
END 

TOSQUAREl 
1 

a 

3 
4 
S 
6 

7 
8 

10 PENUP 

20 FORWARD 70 

30 RIGHT 90 

40 FORWARD 160 

SO PENDOWN 

60 LINEl 

70 LINEl 

BO LINEl 

90 LINE! 

END 



TO MOUTH 

1 PENUP 

2 FORWARD 100 

3 RIGHT 90 

4 PENDOWN 

5 FORWARD 90 
a HIDETURTLE 
END 



TO UNEl 

1 RIGHT 90 

2 FORWARD 225 
END 




□ 



Figure 13.2 

In retrospect, this proJ»ct may have been an interuptlon of Laura's natural 
learning palK The tNngs that she "Isarntd" were not totally absorbed by her at 
this point, Ui^^ Qf "needing help", which continued 

until the projwt w^^^ On the other hind, she was very pleased with the 

result, and; tfd have an opportunity to work much more carefully ii^d crUieally 
with TURrLE maRlpulationt. She learned to write procedures and sub-proctdures 
and W68 exposed to the Idea of a superprocedure.^ ' 
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Turtle Geomatry 



When Laura went back to "daiigningi" she used circles of different ilies, Laura's 
next procedure, AROUND, a collection of diffarant m%d LCIRCLKS al! starting from 
the sanie point, was not construettd by following a specific pattern ratheri 
Laura added circles in a somewhat random wayi Large, smaileri smallerp imallar, 
smallest, largest, smaller, smaller, larger,..as if she were studying the deMgn and 
asking "what size circle would look good now?" Her procedure was copied 
directly from the screen. She numbered her steps by lO's for the first time, 

TO AROUND 
1 0 LCIRCLE 90 
20 LCIRCLE 58 
30 LCIRCLE 48 
40 LaRCLE 20 
50 LCIRCLE 10 
60 LCIRCLE 96 
70 LCIRCLE 50 
80 LCIRCLE 33 
90 LCIRCLE 66 
END 



Figure 13,3 

Next, she made a symmetrical proceduri AROUND 1 with RCIRCLEs, and then put 
them both together. Following this Laura went back to more free forrn 
experimentation in her ''daslgner" mode try thls.*,then tee what looki good 
next 

Session eleven was one of Laura' best days. She developed a fairly compIeK 
design. She copied the steps in her notebook, and then taught the procedura to 
the computar. At the teachtr-i suggesUon, Laura mide one part of the daiign a 
sub-procedurep which simplified debu||ing. Laura had to do a lot of debuiging, 
because she had difficulty copying corrt<,ily from her notebook She worked a lot 
with the EDIT and PRINTOUT {PO) commands, comparing the ttips as written in 
her notebook, with the steps as listed in iht fjrocedura She did not debug by 
tracing through the procadure dircft%, to see what each step was doing. 
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Figure 13.4 

Uura' working style seems to have beem Try somilhing. If you like it, copy lha 
steps down in your notebook Then leach it to the computer copying the steps 
from your notabook. Try to be careful not to make a mistake copying. Although 
Laura reaJized that procedures could be changed if necessary, she did not see the 
procedure itself as the thing to be e^^?irimented with trying U out, and then 
changing U to make It do what she wi Uit. 

During later classes Laura worked a lot with recursion, variables, stop rules, and a 
long language project — a "mad lib" game. She did not return to "designer mode*' 
until one of the last classes, when she picked up on one of her first project ideas 
making her Initials. 

It is clear from her dribble files that Laut j worked on her initials by a process of 
trial and error — then wrote down Ihe correct steps in her notebook She did 
not plan ahead or try to think about the easiest way to do it. As a result, she 
wound up having procedures with many more steps than necessary, as she 
retraced her course in finishing her letter Her E, made of just four straight lines, 
had 1 5 steps. She reverted to incremeRling line numbers by ones after reaching 
100: 10, 20, ...100, 101, 102, .J 07.) !n addition, she had bugs resulting from mis- 
copying iteps into and out of her notebook. The teather suggestid stepping 
through the procedure after printing it out and checking It against her notebook, 
Laura did not have the idea of stepping through the procedui^e ©n her own, (or 
didn't think sha could do It without help, or didnU want to bother doing it without 
help.) 

When Laura worked on her B (her last initial), she ran Into e>caetly the tame 
problamsi little or no planr ^g; poor copying to and from notebook^ line numbers 

♦ . 100 . 
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increase by ones ibove 100| confusion about whsther to turn the TURTLE left or 
right, and especially no clear sense of how to debug by stepping through a 
procedure (playing computer), although this tichnlque had been emphasized with 
her for five classes in a row. 

Laura missed two of the last four classes (she was absent for one, and went on a 
class trip for another) and never completed her Initials — although she could 
probably have finished them, and created a superprocedure to draw all three, in 
about one more session, 

3. Laura's Work With Recursion and Variables 

During eiBssap 12-16, Laura was introdyced to recursion, procedures with Inputs, 
recursion with i'med Inputs, and ricursion with varying inputs. In later classes she 
returned to do some more work with variables using recursive procedures with 
tv^o inputs. ' 

In session 12*both recursion, and the use of variables were Introduced to Laura. 
She was shown ^ procedurei 

TOTv»!i,T 
10LCIRCLE40 
20 RIGHT 30 
30 TWIST 
END 

She then wanted to make TWISTs of different sizes and was shown how to make 
the size of the circle a variable. She wrote; 

TO TWIST2: SIZE ^ 

IQ LCIRCLE :SIZE 

20 RIGHT 90 

30 TWIST2;SIZE 

END 

She seemed to understand what she was doing. Although she had introduced the 
RIGHT 90 In line 20, she seemed surprised that the shape of her circle design 
was. different from the preceeding one. She understood that she could vary th© 
size of the design by varying the Input to TWIST2. 

In the next session Laura continued to write procedures with a variable SIZE. 
She began to indicate more confusion. Shi usually left the :SIZE out of the 
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procedure titlt. She tried to use EOT {EDIT TITLE), but used It incorrictly and 
disre|»rded •pror mBssnges. Sht wrote b precodure called TO SQUAREi SIZE, 
which did not use a variabli iSIZE within the pr§cedure. And, Vi'hen copying a 
procedure, TO SQsSIZE, she made all tlie forward steps FORWARD BSiSIZE, not 
Wdfrstandlni lhat iSIZE replaced the specific forward step. Once she had Iht SQ 
:$IZE precfdiire definBd correctly, she was able to make e very exciting design 
using ^ S, ^ a, ...SQ 82. : 




Figure 13,S 

To cipitalize on tNs discovery, the following procedure was shown to Laura at 
the next class ( 1 4); 

TO GROWSO -SIZE 

10 S4 .SiZE 

20 G90W^ iSlZE+1 
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However, when Laura tried to copy Ihii, she typedi 

TO GROW SQ :SIZE 

10SQ;SIZE 

20 GROW SQ iSIZE 

END 

She forgot to type in the +1, deDpite a vary careful explanation by the teaehei -^f 
how the procedure worked Also, since she (aft a space between GROW and 
SQ^SIZE, she kept getting error messages when she tried to use the procedura 
She did read the error messages, and tried several ways of typing the prooedure, 
to try to eliminate the error. She tried GROVV SQ, GROW SQ 1, GROWSQ U 
GROW SQ 1 100, GROW 1 100, none of which worked. Finally she asked for halp^ 
and the teacher suggested she erase the procedure GROW and copy it ovar, 
making GROWSQ one word She had been resourceful In trying different ways of 
typing the procedure names, but she did not look at the procedure itself to see 
what was wrong. Anoth ir example of Laura' basic working style; lots of trisi and 
error ---^ no analysis! 

Later in the same period, Laura was trying TWIST 80, TWIST 40, TWIST 300, All 
of these produced the same figure, since TWIST was a fixed instruction 
prDcedure. When Laura finally asked for help, she wa$ asktd tp print out the 
procedure and look at U to see why It always made the same shcipe, Once again, 
Laura had tried different things, but had not looked at the procm^ure to nm what 
was wrong, Still later in the same class^ she was. making a pr&cedure to draw a 
letter T for a friend, whose name was Tina She made two attempts TIMA, and 
TINAl, neither of which worked. In neither case did she look at the procedure 
md try to analyze it. ^ 

The next session was a group lesson about debugging, the use of PO (PRINTOUT) 
and step by step analysis of a procedure. Laura apent the period playing around 
with old procedures, trying to copy other kids procedures from tht bulletin board 
(without copying the subprocedures nerded), and in pneral wasting tlma. This 
was interpreted by the teacher as "boradom" and he suggasted a new projact. 
Laura agreed to try something new, but in her notebook that day she wrote *'By 
the way^ I am not boai d"fslc). She may have been confused about what had 
happened when she tried to' use variables and what she needed was probably 
more simple projects using variables in piocedures and subprocadures. Laura had 
been given more ideas than she could absorb, and this was the message she was 
giving -- not boredom. 
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InDteAd of givini Laura an eppwtunily t§ txR!§rt thinp the already knaw, and to 
cQhsoliditt what iha WM Iteming jbout vmabfcfi sht was launehad Inl© a naw 
proi^U wrillrig a proiram to preduca •'Madilbs^^ This was a goed learning 
mxpiBmmm for her. Sh# had to clarify her ideas abaut nounSi verbs, adjacllves 
and adverbs and jv/ thay are used in Engjish *- pi wall as to laaka up a simple 
sloryi and chtopse lists of words that would maka the story funny, On lha other 
hand,! it pfesanted her with a whole new se^ things to be confused abouti and 
raquired a lot of precise typing. Althougn Laura wac aWa to undarstand the 
l!!DiMPK aspects of the pfDeedUre, it is unclaBr wh^l she understood about the 
programming required, which involved the uta of OUTPUr, MAKE and a^bit of list 
processing. Laura was pleastd when the project was completed — but she 
hadn't been aWi to do much of the programming herself or undarstind how the 
procedures worksd. 

4. Conctuslorts 

If Laura was to eonlinue as a LOGO itudani, wi would raconsldar our taaching 
strategy r$ foifbws: 

--ancouraga her to continue exploratloni with TURTLE ' 
coHinfands. She still had a lot to resolve rn the areas of 
left/right dlsrrimination, analyiing sequences of steps to see 
their aflectj Lrw:^ attenthn to detail in copying, 

—stress g^nii/ simple projecti like initiali, encouraging 
mdre use of cytprocedures. 

--go back to simple applications of variables, again \vith 
stresR^ oh planning — what is supposed to change? where 
doeB it beiong In the procedure? what name is chosan for 
the van able? etc. Thin th^re would ba e><amplas of tha rise 
of procedures with variaNes as subprgcedures, in both 
jacursiva and nrn-racursive situations, Laurft was close to 
understanding jse pomts — but get prasthlad with too 
much, tO0 soon. 

--One area which Lsur^ d?d not raaily md, which m«ght 
e>iC3cHa har a drtigntar, \^ repetition a random sat of 
conimands. 

--It might be useful to eMparimMt with thf usa of an 
sutomatic drawing procedi^a like DRAW, so that Laura could 
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experience success with some of her more elaborate designs. 

Given Laura' avoidance of "coinitive risk"i her reluclinct, to 
reveal har confusionsi and her desire to appear to "know" 
everything instantly, she would always be a difficult child to 
teach. On the other hand, situations with more stress on 
ways she could plan and pridict outcomes, and fewer sources 
of confusion introduced from outside, could probably help 
Laura assimilate some of the problem solvinf skills which she 
avoided. 



14. Monica 



Monica is considered to be an "averaie" studint by her teachtrs. Her most 
recent school administered national achievement test ranking was In the 56th 
pfereentile. Her teachers find that she prefers to base her activities solidly on 
things she knows, rather than to strike out Into new areas. 

1. Monlca*5 Worki ng Style 

Moncc ' Nork In the LOGO class followed this pattern as well. She learned the 
basics of LOGO quickly and started off with a burst of enthusiasm and confident;*' 
She began with a ve-y good sense of TURTLE state — she seemed to know 
whare a figure would be drawn next, had a good sense of how far to turn, etc. 
She was fascinated by making a figure, rotatlni It, and repeating the process over 
and over. She easily adopted the use of simple recursion to do this, an ! created 
many projects of this type. 

As the classes went on, Monica limited most of her work to this particular mode, 
and had a hard time getting beyond it. Almost all her work was In the style of 
"figure, turn, figure, turn.." She learned to use variables, to make the figure turn 
different ttmounts, and had some exposure to stop rules, which she didnU quite 
master. Monica did not get Involved In long term projicts of any kind, or show 
much initiative In breaking out of the "mold" In which she had placed herself. 

Monica had a very close relationship with Kathy, the other girl In her class. 
(According to their classroom teacher, they did not have a clese relationship 
outside of the LOGO class.) The two girls o?ten consulted together, borrewfi^ 
ideas, worked on the same, or similar projectSj and asked for and offered halp to 
each other throughout the classes. Their relationship was Rormally quite "mulMtl" 
with a lot of give and take, although leadership shifted back and forth. Different 
observers who had come for a slnfls visit ebservedi "teacher-student relation 
between ' Monica and Kaldy. Monica tells Kelhy what to do and Kathy ways goes 
to Meniea to malte sure she has done it right.,." or, anothai time: "Monici was at 
a loss as to what tp do with he-«elf... at Isei Kathy arrived, Kathy found a 
workshfrat for her.,.(8hs) got upset, pinicked and ran to Kathy for a new thing t© 
do." Another observyr: "K end M work togethBr very constructively — each on 
top of things, making auggestlons" This last ^observation gorresponds most closely 
to our sense of th*ir everai! relatlenship throu^icut. 

As the classes went on, Monica tended to have fswef Idees of what she wanted 
to do. She would borrow Ideas from Kathy, from the builetln board, or from a 
. booklet of projecto, often copying cirelasMiy, by rote= net thinking about what the 
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steps wer« supposed to do. Monica did not have much of an inclination to plan, to 
think aheadi or to debug her work. If something didn't work out the way she 
wanted it to, she would often Just forget about It, leaving a bunch of useless 
F?rocedures in her file, along with the good ones. She rarely asked for help. 
Although she had been shown how to use ED (EDIT) to change procedures at an 
early point, she rarely chose to use it Her procedures tended to be short and 
simple. If they didn't do what she wanted, she'd foriet them. Dur ing tho last few 
classes, Monica es^prsssed an Interest in debunlnf a rather lengthy procedure, 
her. KAT procedure, that drew a Christmas tre», so that the stump would be 
"straight". Sh». wanted to change it from: 



TO: 





FIgurB 14.1 

This was her first real interest in any procedures lonier than a few lines that did 
not simply repeat a few fixed steps, 



Moniqa's use of names was erratic. Her "HAT" made a "Christmastree." BOX, TRs. 
SUS, :BUSWHEEL, BUSWHEEL2, HOUSE, H0USE4, related to specific objects^ 
HORSp, WOW, WiSHWOW, BOODLE, HOTHOUSE, w^re fairly random. She seemed 
to haf e d i'iculty choeslni names, as she had difficulty chosing projects, 

Monica kept thorougl. iales of her work by writini down fvery procedure in hef 
noiebook, either before or after trying U out, 

2. MopMca'S Work In Turtl e {SeomBt ry 

U ring. th4 firgi few classes, when the ftreup of h jt children worked t(,fe;:;^>rr, 
Monica deftionairated a gogd undirstandirig of TUeC»'LE atairt. By considering 
where *lw TUFtTl.E was, she w«8 able to predic; t,vhere the next protadu e would 
occur. TN« was aspecially useful, becausB the projects that the c?^^!dren were 
doing involvBd making de jpno mUi squares, using a BOK procedure. In the liHth 
ciase, Monica and Kathy worked logethBr, pytting a BOX and a TRIANGLE together 
to r«ak« A HQUSE. Momm had a very strong sense <much better than Kgtliy's) c f 
I'low mwH U turn the TURTLE, to gei thjs two li|ure« te li.is f!p. 
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On the other hand, when Monica triad to make the TURTLE draw i triangle, she 
had great difficulty separating the different variables. She werked steadily for an 
hour, tryinf to make a triangle that would elose. Her problem waa, that she 
worked without an effective system. She had to deal with five different variables 
(three lengths and two angles). She hid a hard time fixing on which one to vary, 
and so, kept getting close to a solution, only to have her next attempt produce 
something quite different. She used two different strategies as she worked, and 
kept switching between them. She got quite confused about what was happening, 
and never succeeded In getting the triangle to close. Still, she stuck to the task 
doggedly and came remarkably close to a solution without actually getting one. 

In the seventh class, Monica copied a state transparent equilateral triangle 
procedure, and began to experiment with the effects of putting rotations between 
triangles. She put a whole series of triangles rotated at different angles, on top 
of sach other. . 

It was suggested that shi give names to some of her designs such as TRI90 for a 
series of repeats of TRI, LEFT 90; or TRI40 for a series of repeats of TRI, LEFT 
40 (both sequences she had used In the previous class). Monica understood the 
Idea of making each design a saparata procedure, but she had her own approach 
to namlni them: 

TO TRI4 TO TRI42 TO TRI442 



4 LEFT 90 

5 TRI 

6 LEFT 90 

7 TRI 
END 



1 TRI 

2 LEFT 90 

3 TRI 



1 LEFT 40 

2TRI4 

EMD 



1 TRI4 

2 TRI42 
END 
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Figure 14.2 

The rest of the period, was devoted to a len|thy series of repeats of TRI, LEFT 
i 0, Monica's plan was to complete a circle of these with this shape, and then to 
teach It is the computer as a procedupe. After 13 repeats, a half circle was 
comjaiated; and Monica concluded that 26 repeats w^^uld p^rodu a full circle. At 
this point, Monica was shown how to use recursien as an "easier" way to 
accomplish what she wanted to do: 

s 

TO FAN and TO FANBOK 

1 TRI 1 4B0X 

2 LEFT 10 2 FAN 

3 FAN END 
END 
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Figure 14.3 

3. Diffjcultios with DebuEEine 

On another occasion Monica mis-copisd ont of Gary's procedures from the bulletin 
board. The title should have botn F002 Instead of FQO. Her FOO had no graphic 
effect, but produced a "NO STORAGE LEFT. " error me-.sage. 

TO FOO 
10 FOO 
20 FOO 
30 FOO 
40 FOO 
50 FOO 
GO FOO 
70 FOO 
SO FOO 
90 FOO 

100 FOO ^ 
) 10 

1 20 FOO 
130 FOO 
END 

This v^as the 'first time thai Monica had not tried each step of a procedure, before 
teaching it to the computer. This time she had copied a procedure line by line, 
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\«tteut rMi^^ thst also nt«dtd i •ubgrse^ti FOO. Sht M not ask for 
Kelp, er try to Mug FOO m any way, but ignorad it and w«nt baek to a pravious 

In wjbsdc^nt ol^et Monica centlnuad to work In w^s which w«r# becoming a 
deflniU p^^m th» did mora work along the line of shaps, rotation, shape, 
rotation, ate. She also avoided debusing procedyras which did not do what she 
want^ Ojrta^a.latw cl«s she copl^ some more procedurM from the bulletin 
board, and from a project book. Most of these prMadures did not work, either 
because of •nnsra In copying <llka the mistake she had. made with FOO) or 
because siM^iMin^ p^ sttentlon to the subprocedures needed In each ^ase. 

Monica recor<tod some of her difficulties In her notebook, without any attempt to 
analyie themi "Today I made a DOODLE... and I trleo »wo DOODLES but It 
wouldnH wsrit eut too well..8nd I tried to rrake a slinky.'* 

TO DOODLE TO SLINKY 

lOEWQOOLE 10 CIRCLE 

20 DOO^E 20 FORWARD iO 

30 DOODLE • 30 SLINKY 

40 raOOU END 

END 

In golns over the dribble files for these classes, it bBcame evident that Monica 
was not leoking carefully at what she was doing; that she was not eduing or 
debugging; that she was following certain patterns blindly without thinking about 
thenfji and that she had run out of ideas for projects. For the next class* the 
teacher prepared a collection of buggy procedures, discussed each procedure 
with Monica, and then had her try out the procedures to see what the CGmputer 
would do in each case. The pyrposas v^ere to jet Monica to notice and focus 6n 
the messagos sent by the computer In buggy situations, and to help her 
understand some of the particular kImJa of bugs that she was exparlencing. 

Following this lesson, Monica began doing same dabif 'ng, but still had difficulty 
understanding how to use the ED!T commarKl. Her tttachers worked through one 
problem with her using PO (PRiNTOUT) and ED (EDIT), and analyzing a procedgre 
step by fttep. In this way, Monica was given a model of how she couid work 
through ottwr situatluns withmit help. 

In class 13, Kathy end Monica were mtnaduced to the idea of varlablas, by giving 
them n variable sfluare procedJire, SQsSIZE together with a sheet of possible 
projeet Idew. Moniaa and Kathy both ehoie to make a bua (Figure 14.4), starting 
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with two squares: 

TO BUS 

1 SQ 40 

2 LEFT SO 

3 SQ 80 
END 

Monica worked on the bus for parts of tv/tt periods. Once again, she had 
problems editlni, editing the line, rather than the procedure. For example, her 
BUSWHEEL procedure was 

TO BUSWHEEL 

1 BUS 

2 LEFT 90 

3 RCIRCLE 
END 

When she typed BUSWHEEL, she got the error messagei «X.iRC;.i NEEDS MORE 
MORE INPUTS AT LEVEL 1 LINE 3 IN BUSWHEEL" Her response was to type ED 
RCIRCLE. Clearly she was reading and Interpreting the error mesiage, and using 
the information to try to debug her work, but she did not understand the preper 
use of EDIT. 

Another bug was more flurprising. She had a problem with the TURTLE state, in 
alignin.f the wheels properly. Her BUSWHEEL procidure had bccomii 

TO BUSWHEEL 

1 BUS 

2 LEFT 90 

3 RCIRCLE 10 
END 

and whon used to make a complete bUK: 
TO BUSWHEEL 

1 BUSWHEEL s 

2 RIGHT 90 

3 FORWARD 60 

4 RCIRCLE 10 
END 
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makep a bus vwth a whtgl out of pesition, thovm In Figure 14.4. 



1 

a men* M 

4 LOIROUi i# 

TO BUSfriSEL 
1 BW 

a urr 99 



m 



Figure 14.4 



111 BDi 
I M 49 

9 mm 



mm Momcfl dM not netle« that tht whaals wars at diffarint levals. didn't fas! it 
wa^aprobtaffl Of didn't wwt to bother with It fiht Ignorad it. dtelding that ih« 
project j«t complata. She want on to othar work, ping bsek to her eld pattern 

ta^"^'"^ ^•^^ *^ soma'mo?, r&. datigns 

wamplei R^e 145 for a way that Monloa uiad her BUS procedure In a Imrl 
familiar mode,) 
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TO BUS 

1 SQ 40 

2 LEFT 90 

3 SQ 50 
END 



TO 4BUS 

1 BUS 

2 BUS 

3 BUS 

4 BUS 
END 



TO STAR 
1 45US 
a RIGHT 40 
3 4BUS 
END 




BUS 





J 















In the next few elasses 
recursion, to make proce 

TO DESIGN 

1 STAR 

2 RIGHT 40 

3 DESIGN 



4BUS 



Figure 14.5 

a continued to use the roti 
res lilts; 

TO DOG 

1 BOK 

2 RIGHT 70 

3 DOG 
END 




tion idea, sometimes with 



Her projects were short, and she did not have to do any dabugging. She did 
borrow one long procedure — Kathy's XMASTREE, which Monica decided to call 
HAT. In copying this procedure she needftd to do some debugging and asked for 
help with the EDIT command. 

4. Understanding the Effects of Angles 

Although Monica had been using rotations to produce designs, she had not 
discovered any consistent effects of using particular angles. She had used 
rotations of 10, 20, 40, and occasionally 70 or 90 degrges In her designs. 
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Mffltea, 14.10 Undirstandlng AnBies 



Although she saemad to prefer densa deslgnt, sh» seemed to have no way of 
predleting the effect of using a particular anglei or the sense that cirtaln special 
angles might produce nice designs that cios^ In a predictable way. 

To help her eKplore the effect of different angtet Monica was shown some new 
prdcedyres that used a variable angiei 

to SPINBUS I ANOLE 
10 BUS 

20 RIGHT lANQLE 
30 IF HEADING =. 0 STOP 
40 SPI^BUS lANGLE 
END 

The use of the step rule, was anothar lygiestlon ie h&lp Monica focus en when 
the design was "completa." Monlci used this model to define procedures that 
would rotate her HAT proceeure, her WOW precedure ia serl js of nested 
squares) and her HOUSE procedure. 

In typing these preeedures, Monica had some difficulties with syntax. She usually 
left out the lANGLE In the procedures title, and was shown to use EOT (EDIT 
TITLE). New she was using ED properly, but had difficulty with EOT. She did, 
hcwever, correctly interpret the error messages, and debug the procedures on 
her own. 

In the next class, Monica was asked to choose one of her procedures, and 
experiment with varying the input, keeping records of the results. She chose to 
use the procedure . 

WISHWOW lANGLE 

which rotates a group of nested squares. 
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Monica 
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WISH WOW 45 



Figure 14.8 



We 




WISHUOU 90 



Mtihtea 



^^'l^ Undarstanding Angles 



She kept meticulous notes In hsr netibook, dascribing what the shapes looked 
Iik©i how they grew, and comparlni thert with slffiiiar shapes. For examplei 

"WISHWOW 160 looked the same as WSHWOW 40. It had thin cones 
and there were 9 of them. 

}f f^^^ webbed cones and you couldnn really see them 

thit good, 

WISHWOW 1 SO had cones but they looked like they didn't close up. 
And It was fatter than ether ones. It had more squares and cones The 
eofifts w»r» thin. And close togither. 

^SS^fw "^5, WISHWOW 90. These 2 look almost the same but 
wmNOW 45 looks like It goes twice around Instead of once. And the 
eWi§ shaped things on the sidis are bigger than the WISHWOW 90 
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Gleirly, Mehlcd was making some InteristIng "discoveries" about anglts. If she 
hSd lone Bh, she could hive compared two procedures — for eKample 
WISHWOW m SPINBUS, with the ame inputs. She could also have used other 
inputs Which involved simpler rotations (such as 45 and 90). A chart could hav© 
been helpful to organize the information she was gatherlnf. All these things 
would have allowed her to consolidate her diicoveries about angles. 

5. Cenctusiens 

Because each of Monica's Individual "projects" had been very short and simple 
Mpmea had not developed a sense of urgency about "finishing" any of her work 
before the end of the series of classes. Although some Important continuations, 
consdlidations and clarifications were beginning to occur for her. Monica, herself, 
had n© such sense of continuity. Although she probably would have enjoyed 
Mntirtuing, Ihe was also quite content to .stop her work at this poinL 

Throuih^ut the classes, Monica seemed to bi most comfortable learning by direct 
imitation of examples or models supplied In this way she learned to write 
procedures uliliiing simple recursion, variables and stop rules. If the context was 
shifted, or a imeli mistake led to a bug, Moniw was often stuck. She usually 
chdse not te analyze her mistakes, nor did she undertake long projects requiring 
advanced planning, or a large number of subprocsidures. Near the end of the 
series of classes Monica gradually began to be cfimfcrtable with editing, and to 
iBlderstand how to analyze a procedure In a step by step fashion. 

W7 



Monica's investment In any partlcuiar project was slight — she could easily 
discard it vithout dabugiing if a problem occurred, and go on to a new activity, 
which might prove succesful. She had a large number of small procedures, which 
allowed her to feel successful most of the time she was working, without having 
to confront her confusions. Her dribble flies show numerous ideas sidetracked 
without debugging — and apparently without any strong feelings of 
disappointment. In this way, Monica was able to function comfortably In an 
environment which was more complex than her understanding of It. When she did 
successfully assimilate a concept (as she was beilnnlni to do with editing and 
debugging) she did not look back to old problems, to see if she coutd solve them 
now with her new tool. Rather, she unselfconscieusly appllad th® new idea to 
whatever new problems arose. The old problems had batn convanltntly 
forgotten. 

It is possible that Monica would have benefitted from being able to use a 
carefully designed set of worksheets structured to lead her from one concept to 
another with m,my small projects along the way. 
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15. Ra^ 



5^ ® who has bien diagnoaed by scheol personnel as having "learning 

dfsabllitles". He is tutored individually by a laarning disabilities speelallst several 
times each week. His teachers feel that at the beginning of the year he was 
noticeably "slipping" in his striousnass as a student (His 6th grade achievement 
test placed him in the 24th percentile, nationally,) 

Although Ray was Initially quite successful In controlling the motion of the TURTLE, 
he held himself somewhat aloof from the activities In the LOGO classes. As a 
result, he never succeeded in writing a procedure without assistance, althoflgh he 
had considerable success (with help) on several projects such as drawing and 
animating a rocket (sessions 13-15) and in using the computer with procedures 
that enabled him to explore geometric shapes. In gtnira!, Ray had success ufilng 
the computer In two kinds of situations^ whan a teacher was helping him 
intensely during a session, and when he was working In a way that required him 
to remember only one variable at a time. 

The teaching strategy for Ray was to try to structure situations in which he could 
be successful without a lot of help from the teacher, since Ray would usually 
"forget" what to do when the teacher was no longer present. For the longest 
time, Ray did not engage in much "free experimentation" with the TURTLE. But 
towards the end of the series of classes (session 19) he was given a POLY 
procedurs which requires two inputs to produce a series of closed geometrle 
shapes, and a SPI pi ...adure vvhich required three inputs and produced a variety 
of spiral shapes. Ray gradually learned bow to control the Inputs to produce 
certain shapes in a predictable way. For the first time, he began to experiment in 
a purposeful way, to write things down in his notebook, to use those notes to 
remember successful designs. He began to gain confidence in his ability to eontrsi 
the computer. He invited a friend to class — together they had a very i-sxclling 
time exploring the shapes produced by the POLY and SPI procedures, Ray's 
teachers also reported a noticeable Improvement In his attitude In clasis, which 
they attributed partly to his feeling of success in the LOGO classroom. 

1. Ray*s Working St yle 

From the first day he came to class. In session 2, Ray Insisted on remaining 
"aloof"; preventing himself from feeling personally Involved with the LOGO 
activities. Although hci started off quite successfully, and actually was generally 
successful under close supervision in his first programming project causing the 
computer to draw his initials — he maintained his "cool" until the last four or five 
sessions, when he began to beeeme interested in what he was doing. 
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Working Styte 



Bafor© surmrt^ hit werk, it wo^d usaful t© list tome of his tachniquis for 
nwfntairwni md PtlnfQreing Wt postu« of ■loofnMi from the activities. He began 
by cemii^ four er five minutes late for each clii& By ceming to class late, he 
Muid bm mm that the teaeher would be alrea^ working with another student 
Then he could wait several morii mnutes for the teacher to remind him how to 
LOmHt ami ofMf a suggestion for his day's work. Ha often walked Into class 
whifttling loiadly,. blatantly dtsregarding anytNng else t^iat was going en, Hm made a 
point of always lesvlng a few nNnutes early, md as he worked on activltias, he 
would took at the clock, to see If It wws time to leave yet 

also tn^ a, point of not rememberl^ how to do things. He would not write 
tWnp down in Ns notebook, and when a^ed to consult a reference sheet or an 
entry in his notebook, he would usually just sit, and wait for help. This was his 
way of reinforglflg a sense of helplessness, of "I carft do It", of dependency on the 
tfiach«r. Ratiwr than maxlmlang his use of available resources, Ray deliberately 
mininused Ihern. 

Ray refused to learn the details of operatior, of the system and the language. Not 
until dass 12 did he LOGIN by Wmsolf. He never wrote a file without assistance. 
Likewise, he f»vfe( wrote a procedure without h^p. Although he was Introdueed 
to the REPEAT command, and used It to make TURTLE designs thbt were qiJit© 
pleasing to him, he never remembered the format for using It, ai^ would not look 
It up. 

We are using words like "refused to learn" "techniques for maintainin|..aloofnes8," 
"made a point of not .rememberinf," because we are convinced that these were 
definite strategies Ray used, to protect himself from involvement, rather than an 
inability to concentrate or leara 

At the same time, Ray was clearly intelligent, attractiva and charming. He had a 
special aptitude for music — he enjoyed spending time tapping rhythmically, 
whistling, and Improvising on the piano. 

Ray appetrfld to have a ttrong fear of faUurt, and •spteialiy of apBearing to fall. 

Goplng with this has bean the "class clown" approach — act a 
UViim mi dliy, eharfn everyone, and above aH, don't let anyone know you're trying. 
Oyr teacMng ttrategy with Ray was to try to struoture situatfons so that he 
weald be MjeMiflful, and develop a senie of confidence — a sense that he eoutd 
do It. This was dene both by setting up a special animation project for him, 
(which in the end required too much teacher help) end by trying to set up 
situations In which he could be sueessful with very little Input. The latter 
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approach proved to be the bett for Ray, as will be wi^: v<m the detailed 

aescription of his work. 

2. Ray's Work in Turtle Geomef .y 

Despite his difficulties, Ray was Interested In the computer, and Its power. He 
showed a good deal of "natural^ ability" In Turtle Geometry. Ray was very 
s uccessful in directing the TURTLE, estimating quickly and accurately, both angles 
and distances. His first project was making Ns initials, and he carried l'£ out quite 
successfully, combininf skill In Turtle Geometry with a quick understanding of 
using the keyboard, and an understanding of how tci write proceduTes. (See 
figure 15.1) 

TO RG 

I PENUP 
Z LEFT 90 

3 FORWARD 70 

4 RIGHT 90 

5 PENDOWN 
. 6 R 

7 PENUP 

8 LEFT 100 

9 FORWARD 100 

10 RIGHT 60 

I I PENDOWN 

1 2 FORWARD 70 

13 BACK 70 

1 4 RIGHT 90 

15 FORWARD 90 
. 1 6 LEFT 90 

1 7 FORWARD 70 
la LEFT 90 
I y FORWARD 40 

20 l EFT 90 

21 FORWARD 30 
END 

Figure IS. I 

As Ray went on beyond this project, however, there appeared to be many 
difficulties Impeding his progress. He would rarely work purposefully unleis the 
teacher was present. All his' further Turtle Geometry explorations appeared to 
be random. He did not remimber how to write a procedure, and refused to 'iook 
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TO R 

1 FORWARD 100 

2 RIGHT 90 

3 FORWARD 50 

4 RIGHT 90 

5 FORWARD 40 
6. RIGHT 90 

7 FORWARD 50 
a LEFT 140 
9 FORWARD 87 
END 
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it up , m hit. nettbook. Hi was ihown hew te makt t precedure eut of twe or 
thrfc© TUiTLE step^ and the uta of RiPEAT to make .^flslgnt. He made several 
simple deelgns - SAM, TIM and JOE. Still, he did not remember from time to 
time, how to make a proeedure, or how to uie the REPEAT command. Again, he 
refused to look It up In Nt notebook. 

After completing Ns initials project Ray's work for the next seven classes was 
characterized by short bursts of activity - especially when the teacher was 
present - and frii^uent visits to ihm water fountain and to the piano in the next 
room. Ray was ubsent for four of the first eleven classes. What Rkv m do 
successfully on his own wis to •xparlment with different inputs to REPEAT He 
would use sequences like REPEAT [SAM] 90, REPEAT [TIM] 30, REPEAT rJOE] 
20, REPEAT [SAM] 30, eta (See Figure 15.2) 



TO SAM 

1 FORWARD 17 

2 RIGHT SO 

3 FORWARD 29 

4 LEFT 56 
END 



TO TIM 

1 FORWARD 19 
U RIGHT 90 

3 FORWARD 38 

4 LEFT SI 
END 



TO JOE 

1 SAM 

2 LEFT ISO 

3 TIM 
END 





Figure 15.2 

After doing some of these, he*d rtturn to ami he liked. It seemed that he could 
focus for a short time on the task of choosing inputs to REPf AT, although he could 
not remembei- how to use REPEAT from class to class. After a few classes, 
however, this approach had lost interist for Ray, and It became claar that It had 
net resulted In Nt belnf able to write prosedures Independently, as had been 
ho^. 

N^t, the teacher suggested an animition project Ray agreed, and decided to 
animate a r^et One tetslon was ipent drawing the rocket. Thii teacher spent 
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Drawing a Robot 



a major part of the period workinf with hiir, first htlping him figure out how Id 
draw a trian|le (tee Figure 15.3), and then helping hir^ organize the task of 
teaching his rocket to the computer. His ROCKIT proctdure had two 
subprocedures, TOP (triangle) and ROCK (rectangle). (Soe Figure 15.3) 



TO ROCKIT TO TOP TO ROCK 

1 TOP 1 RIGHT 90 1 LEFT 30 

2 ROCK 2 FORWARD SO 2 FORWRAD SO 
END 3 LEFT 120 3 LEFT 90 

4 FORWARD 60 4 FORWARD 60 

5 LEFT 120 5 LEFT SO 

6 FORWARD 60 6 FORWARD SO 
END END 




ROCKIT 

Figurt 15.3 

In the naxt class Ray and hit taacher workad through the praetis ©f animating th© 
rockat He daeided that his ROCKIT was ta© bif, s© ha was htlpad to make a 
smalleri sealed dcwn versloni which ht callad FB. His pr©cedura t© meve the 
rocket was called NKP. Ray was introduead t© thi idea of SNAPi, He undtritood 
hew they wera used to animate the motion but (of course) he had difficulty 
remembering the format for using them. 

In the neni claii the teaeher again spint a great deal ©f ^Jme with Ray. Ha wat 
not espf^clally intereitad in varying the speed ©f the inimati©n but he was 
Ihlerastad in making the r©ckat turn, Ray and the teacher printed out hia 
animatio?! procedure NKP, and figured out together where he ©©uld put a turr^ 
command, to make the rocket turn on the screen, Ray %xpmmmi%di ©n hit own 
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with diff©r#nt Inputs for the turm RiCHT 300, RIGHT 66, RIGHT 2, RIGHT 3, finally 
tettled on RT ^ •$ th« largMt nun^ h» could um without hsving the reekel go 

off the wrmm. 

In anal^^ng the dribble file from this class we began to be strongly aware that 
Ray had b een eonsisltfitly sueecssful in aeUvltlM that reaa j^ red varying only one 
parameter at e thiie. We were now able to ^va serious f jideration of how to 
get Ray invotvad in a more consistent reiotionship vAih his work. 

3. Explorationt with POLY and SPI Presedurei 

We finally thciM to give Ray a POLY prw^e, with a simple step rule, and let 
him experiment with changing the inputs. In this way, he would have only one 
thing to consider — the choice of numbers to make Interesting designs. This was 
a auccesafLd choice and he contlnuwl to work with POLYs and a PQLYSPI type 
procedure fffl' tlw next six classes. 

In working with POLY, Ray began by choosing Inputs based on "number patterns" 
rt^her than on the effects produced by the POLY procedure Itself. For example, 
during one ciass, the POLY Inputi he chose werei 



SIZE ANGLE 

556 889 Inereasing and decrsasing sequences 

76S 387 

567 9S7 

1000 2000 

999 999 

1 1 he was intrigued by the fact that 

2 2 these made circles 

3 3 

50 60 surprise! hexagon! 

70 80 

^0 89 he really likes this 

70 30 he was shown thli one, to go with it. 
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POLY 1 1 




POLy se se 




POLY 70 80 F,8„,e 15,4 ^® » 

In next class, the teacher made a point of showing him that the first number 
effects the s^e, and the second number the shape. His worlc was still based on 
number patterns. 

SIZE ANGLE 



678 


987 




70 


89 


an old friend 


40 


40 




50 


SO 


same numbers , 


60 


60 




78 


93 




1 


1 




1 


34 


makes a bright dot 
reversing digits 


98 
567 


89 


1000 


123 
1000 


same input 


200 


7820 




678 


876 


reversal 


•9000 


9000 


same 


765 


897 . 




850 


8S0 


same 


100 


850 


here he was shown the effect of 


200 


850 


changing the first input, while keeping 






the second constant, 



1&8 - Explorations with POLY and SPI 



In the n«xt 5i^jf Ray was shown a spiral procedure. For the first time, Ray began 
f^P^^f ^^V^Hh\t ehanged Input, by varying the rate of growth 

©f th* spiral. First Ri^f t^ptriminted with small numbers lil^e SPI 1 1 and SPI 3 
M ^^i^M!^ ^P! 2t 33, ^y found tha ihapts -boring", beeause they 
all want off 1h» seretn to fast. The teaeher suggested larger numbers for the 
second Input, a«4 R^ tried Inputs like 1 100, 2 aoo, 3 300, and 4 400. He was 
shewn th© rWattwitWp between POLY and SPI by putting POLY 100, 200, and SPI 
2 200, ©n th« icfii«fl one after the other. (Sea Figure, 1S.I) 



PO-Y 108 200 




Figure 15.5 



Ray was a lot mere Interestad now, but he still felt that tht spirals went off the 
sereen t^^lekly. SPI was edited to allow shanges in the inerement, adding the 
variable GROW, and Ray was thown how to use It. 

Jlktd tlw efftst of the tighter splralt ~ especially tht imergent designs, 
which baoam* a^ent with small Increments. He tried 1 400 1, 1 400 3, 1 401 
1, fecutting ndw on Ihe effect of changing the numbers, rather than on the 
nuwbare thwiwiveg. 
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is. 10 E?<ploratlQnB with PQLY an^^ 



Ray carfje rn with his own idea for the next clais. "Cm I put SPI and ROLY 
tpgiith^r?" the tewhgr had W Ijsltd a few 

P<^Y tfW SR Jew lefl spaoe fir him to write down some -Interettihg" 

'^W^P*^^™^ these actl^^ties for a solid Hour, 

aiking f6r hip at tinly two pointt, writlhf down ieveral "good hutnbert" oh the 
chart He had bien given. the designs a lot, SPI 10, liO, 2, and 

called^paftpltHtiVer to see At the ftN of the clast he ipehtaneously punehed 
holes in Mi pliers arW put them carefully In his notebook. His explorations had 
been rnueh rM^e sys^^^ 



POLY 


SPI 






SIZE mtM 


SIZE 


ANGLE 


IICREMEWT 


50 100 


10 


30 


2 


50 35 


io 


4a 


2 ' 


SO 49 


10 


150 


2 




10 . 


300 


2 




10 


100 


1 




iO 


ZOO 


1 




10 


300 


1 




10 


400 


1 




10 


500 


1 


Ray's 


10 


150 


1 



Favorite 
(See figure, 15.6) 

In the next session, Ray continued to work with the SPI procedure, this time, 
focussing on the emergent spirals. Hi had drawn SPI 1 250 2, and when the 
teacher suggested making a small change In the "middle number", he followed 
through by using 245, 235, 225 and 215, In sequence. He w^s also shown how 
va^-ylng the third input could create quite different effects, |by decreasing the 
density of the dusien. 

In tNs class, Ray began to use animation again as well. He was finally becoming 
comforttele with the computer. Although he was not defining procedures, he was 
engaging In sl|niflcant mathematical explorations, and, best of all, feeling that he 
was in char|e. , 

In the following session he continued to use right and left POLYs, some of his 
favorite SPIs, and went back to animation. He learned that he could animate 
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anything, using his NKP procedure, just by typing MAKE "FB SNAP, and then typing 
.NKP^- which would animate whatever had been on the screen. He also «ked 
the teacher to write down the WRITE command in his notebook. 

At the end of the period, he came over to where Gary was working and asked 
what ;he was doing. This was the first time he had taken an obvious interest in 
anyone else t work, in addition, he very carefully made sure to remind Gary: 
bettfer make sure to write your file before you say GOODBYE" thus lettinr it be 
known to one and all that "he kn«w whaf.lt was all about" as well as anyont, 

The next class was "visiting day" and Ray brought Paul, a s|venth gradtr. He 
showed Paul how to use POLY and SPI procedures and a few' other prec»iurB« 
NKP, SAM and RG. Together they tried out different Inputs to POLY and SPI.- Ray 
referred to his notebook for ideas about what inputs to try, and wrote down now 
Kleas as he went along. Raj^ stuck strictly to what he was comfortable withs 
PQLYs, SPIs and moving his rocket. He and Paul had a wonderful time, and both 
came away feeling wonderful, , ■ • 

4. Conclusion 

This turned out to be Ray's last class. He truly went out in a "blaze of glory". If 
we had understood earlier how afraid of failure Ray was, and how important It 
was for him to have only one Ihing to vary at a time, we might have been able to 
get him "hooked" much earlier. Although he did not define any more proeedures 
of his own, or do any "planning and debugging^ Ray had finally achieved the first 
prerequisite for any success with the computer. He had found a way to be in 
charge. , • 

One last "footnote" about Ray. When the classroom teachers were interviewed, 
they felt that the computer exp#rience had had a profound effect on Ray. One of 
his teachers put it this wayi 

"There was a breakihrough with Ray...He hasn't connected all 
year..,been floating, not that there is any resistance or 
hostility, but just no connectl0n...(he) was probably swamped 
by the reading required this yeBr...ThB breakthrough for him 
In LOGO, the success he has had, is powerful Information for 
ma.,.he has produced the best piece of writing I've seen from 
him...His physical arrangement iias changed, he was Isolated In 
the room before, now he sits with others," 



16, Tina 



Tina is a student who has great difficulty with academic work. In mathematics and 
language she is considered to be several years behind her classmates (her natlenal 
achievement test scores place her In the 3^ percentile). Althou|K she receives 
several hours of special tutoring in the school's Learning' Center teach week, the 
staff Is concerned about her rate of progress, and are struggling to find an 
appropriate educational program for her as she enters seventh grade. 

From the beginning of her LOGO classes, Tina's work provldid an exception t© 
most of the patterns we have observed among the rest of the students In our 
study. Although Tina did very little Turtle Geometry, she was more "Involved" 
with the computer than any other student. She developed an almost personal 
relationship with the computer she used, giving It a name, and treating It In the 
way some chldren treat a doll or a pet. 

Tina's major use of the computer was as a typewriter and editor. Using a lexl- 
edj ting program designed to allow her to use the printing capability of the 
computer without writing procedures or using PRINT commands, Tina wrote a 
series of nine "stories" which she distributed to her family, friends and teachers. 
These stories constituted the most significant work of Tina's entira school year. 

Tina's success In writing and completing work with the computer has led to 
success in other areas as well. Near the end of sixth grade Tina began turning in 
assignments on a regular basis — something she had not been able to do before 
taking the computer classes. In addition, a friendship established with Harriet, 
another girl In her LOGO class, has led to Tina's being Included socially with Harriet 
and her frieniis In the classroomp ending her previous isolation. 

16.1 Tina's "Perscnai Relationship" with the C omputer 

Tina had a very special relationship with one of the computers, which she called 
"Peter". While this was most noticeable in the earlier classes, it persisted 
throughout Tina's computer experience. In the first class, Tina expressed an 
Interest in communicating with the computen "I thought It would talk to you. 
Hello." When It responded to a missing space In an FD445 command by printing 
"You haven't told me l ow to F0445," Tina responded with genuine angeri "I did, 
you fool!" "Oh, this Isn't doing what I told it to do," she said at another point 

In the next class she again asked about communication: "I want to ask it questions. 
Oh you know, What's your name? Thlnis irxe that." The teachtr explained that all 
the eomputer's answers would have to come from her, and showed her how to' use 
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a PRINT CBfwwnd Hsr flrsl preeadurt pv» ti« computer an answer Ui her first 

"TO UHD "^■■■'^^■■^■^■'■^ ^ ■ ■■' ' 

1 PRINT [My NAME IS PETER] 
END 

Tina was extremely possessive about the particular machine she regirfarly uaed 
She tell that tWs rrechine, her "Peter* was hers, and she would say things IHie 
"Take good care of Peter," when she left for the day. When she came late to the 
f oyef«i eki6«, "Nter" was alrea^ beii« uwd by aiwthtr student. Tifia •tormed and 
fimad. 1 want t« use mj£ computer. That's the one I use every day." When the 
teach«r Insisted they were all tM^^^ "I hate you...! think 

going to cry..." Fmaliy she was persuaded to use another computer and was 
soine^at feassured fcy the fact that It rSsp^rtaed correctly to WHtt once she had 
legged in. Although the actually worked ^ q^^^^ the other studehts all 

toft "Tina*s computer" to her In succ 

As the classes went on, Tina's relationsNp with "Peter" tempered somewhat The 
teacher continued to stress that the cohvuter was a machine, controH^ by her 
and other preirammers. Gradually the reduced her expresVion of ¥^^^ the 
computer, as she realiied how error messages were related to what ^e had done, 
although she continued to share credit for her work with "Peter". "Do you 
«ee the stories me and Peter have written?" she woulid a vIsUor. And she 
\wuW often Introduce visitors to "Peter", using her WHO proced^^^ 

By the time the classes ended, Tina had progressed to a more balanced 
undert tending of her role in relation to the computer, . Her behavior with the 
computer had become much more mitter-of-f act and she had begun to Interact 
very e><tensively with the other childrtn In the clait. As she came to undsrstand 
the mechanical predictability with which the computer responded to her, and as 
she began to take pride In her accoroplishmii^U In story writing, "Peter" came 
mere and more to take on the status of a personal fantasy — one which a cNId 
knfflwt (a a fantasy, but persists In "playing" sometimes because It's fwi 

Tiw'a way af worfcing wrtth the Computer 

Th» atrenfett diaraclerislic of Tina's approach to working wlih the computer was 
her need Is clear the text display scriea V^^ile many chlldreh have a desire t© 
ctoar th# scHiM between projects, or when bertd or frustrated, Tina ex^ 
Itiii aestre an «lreme way. One of Tina's first questions was about "hew to 
g«t lh« w@pdt off the Screen," and learnifig hew to accom^^^ 
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carriage return was a major discovery of hers during thr!fl^^^ 
figured out how to do It she Cleared IK^ 
^peciBlly after error messages/ In 

clearing the te^t display before logging In, i«er logging In, af tar alm^t 
H^tri^tion that was not part of an ongoing task, and before and after saying 
GOODBYE, 

Tina's habit of clearing the text display In this way Interferred significantly with 
her learning. It effectively prevented her from maintaining continuity In what she 
was doing, and eliminated the possibility of her respondlni to the computer's error 
messages. Even after completing a piece of work Tina would Hardly look at it; 
after she had edited her first letter, DORIS, she swept it off the screen wll*^e(j^ 
reading It. 

In ter pre-LOGO Inlervli*, Tina ust^^ 

series of permutations of a set of colored bincks. The task was to create as many 
different arrangements of the blocks as possible. 

After having done a few, Tina swept the old onit away, clearing the table — 
thus making It Impossible for her to know whether the next one was dlffBrenl or 
not. When the interviewer re-established all Tina's old arrangements, sh^^^ made 
one more, and then compulsively swept them all away agai^^^^ ^^^^^^^^^^ 

Tina eventually learned to leave several sequential lines on the screen, ^^^^^^^^^ . 
workini on a specific project— althoygh it required a definite effort on her part 
not to endulge her carriage return habit. When working on a drawing project, she 
would carefully copy all the necessary steps Into her notebook, then quickly clear 
the screen, 

Tina had a strong desire fw completion and correctness in all her work. Although 
she Vi-a* quite a perfectionist by her own standards,-Sometimei working a whole 
hour on one story, Tina never proofread, edited or added to a stoiy once she had 
declared it finished. Unless she notlceei an error in a particular line while typing It, 
or immediately after typing a carriage return, she never went back to find an 
error. Once a story was done. It was done! She might show it to other people, 
but she rarely read it over to herself, and certainly not with a view 16 analyie or 
correct it. Incl&ents like the following were obsarved several times. Tina was 
proofreading a sentente which began "ONCE UPON TIME..." but she read aloud, 
"Once upon a time..." and continued, satisfied that her work was correct. 

Tina did develop one way of editing stories. Jf she made a mistake early In a story 

she could start the entire process again by typing END, and 

Typing LET LETTER again would clear out her workspace and allow her to begin 

,., . X... ji? ° . . ^ . . . 



her ftoty afaln. When she did IWf, the almdst ilw^s typed an Idenllcai sentence 
to the ohe she Hatf typed before — without iriy printed reference sometimes 
eempf^te with tirt error that hr first place. In 

sucH eii« #H« w^jltf s^ and gt thraugh the wheli proce^^ iw.*;} she got it 
right 

(Tina's attitude towards errors afW towirds completion of "correct" work Is also 
shown by her tiehavlor In other sUustlons. One of her learning disability lulors 
rehted lhlt she would repeatirtly throw out whole^^^ p had made one 

error ~ a tactift that frustrate her In working with a standard typewriter. Hence 
in Ifisff vtfrtl^'werk she had deveW of Writing only short plectis of one 

or iwfr "perfecl" sentences.) 

Tina alto had a great desire for neatness in the classroom. She took it upon 
Her jelt td ceHect arid put awiy pens, notebooks, and other items which had been 
feft out by the ether children, and to rimlrtd them to put their things awsy. 

In h*r work Wrth the computer, Tina establishtd a set of conditions about What she 
would alid* wouldn't do, and adhered to these with little change througrtoul the 
clasies^vTifrtr would do the followlngs WGIN "TiNAi LCT LimR her letter 
writing proeedure)i stsrt, write and end a ietteri run a letter or a draw 
procedure by typing Its namti and type the wowl TODBY£ Things she Wouldn't 
do on her own Inqludod: writing a procedurei editing a procedure or a sl©^ 
saving a procedure, by writing a file} reading ^a^^ the lineprinter. 

TfiliW part* of her daily routlria were d 

It was very important for Tina to keep a firm boundary between what she would 
and wouldn't do. Towards the ei^ of the classes, an effort was made to get her 
to use the lineprinttr on her own, showing har the PRII^OISI command, and showing 
her how to make multiple copies of a story by using REPEAT. At first Tine 
ek^jected to this g'trongly, but eventually areed to do some of It With stronger 
InfijsJwnce and more time, Vina might have learned these commands, and attained a 
greater mtfasure of indepenoence In her computer use. 

TIrtV took ff large part of each class to settle down to productive work. She 
usuafly cmm to class later thm the other students, and wandered around a bit 
mtofo di^cidrng what to do. Gfice sta>'ted on a story, she often made a lot of 
rtistakei on fm first line - retiring htr to start the whole story over again. 
Ohce past the first line, however, she typically finished a story without any more 
fd^ fterts; Her problem with starling was reflected In a rirah at the end ©f the 
..S^ placed a premium on completed work, she often found it 
rtiteessiBirlte^it^ of termless t^^^^ 



1 6,3. Tlna*s Use of the Turtle 



Tina used the TURTLE in only nine of the Iwinty-feiJr claSi sessions. Most of her 
use of the TURTLE required active help from the teacher or one of the olh©r 



From the beginnlngj Tina had great difficulty concentrating on what , the TURTLE 
was doing Jn response to the commands she typed. In the first class shV literally 
"dozed off" while the rest of the class was figurlhg out how to draw , a ilox, and 
hew to write a procedure. When she began to Work on her own, she worked 
randomly, copying commands from an instruction sheet without looking at their 
effect, and clearing the actual commands from the text display almost as quickly «9 
she typed them. For numerical Inputs she chose double numbers like 55, 
sequences like 34, or combinations like 445. At the end of the period she wrele a 
few steps and a comment in her notebooki 



Although Tina seemed to have difficulty throu|hout the first class In focussing on 
what the turtle was doing In response to her typing, she did notice when the 
command HT 78 made the TURTLE disappear, and isked for help saying "I want my 
TURTLE back," She had a much stronger response to the computer*s text 
responses — angrily commenting about error messages and sweeping them off the 
screen with a stream of carriage returns. 

In the second class she was more thoughtful about what she was doing, eventually 
noticing that she had caused the computer to draw a "seven" and carefully copying 
down the steps In her notebooki • 



studehis. 




? 34 



Figure 16.1 
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With much Mp, this wm mada into tht precf^s SEVEK^ eepying tha •ttpt from 
her nst#beok, (fig. 16.3). 



TO SEVEN 

1 FORUARD 66 

2 FDRW/.rtD 34 

3 FORUARD 4S 

4 LEFT BS 

5 LEFT 34 

6 FORUARD 66 
33 FDRUARD 45 
333 

END 

Figupe 16.3 



In another elass Tina decided in advance that she wanted the com^ar to draw a 
"zero*. When aslced to draw a zero by hand, she drew It at a reetangle, possibly 
indieating that she understood that it was easier for the TURTLE to draw straight 
lines than to draw curves. She required a great deal of help in building her 
rectangle with the TURTLE. Tina could not dettrmino the angle to use at each 
corner of the rectangle, although she did know that opposite sides had to have the 
same length. She decided to call her ractsn^e TINA and carefully copied the steps 
into her notebook. 



When she taught her procedure to the computer, Tina had difficulty copying the 
steps. When she typed 66 as a line number Instead of 6, Tina insisted on redelni 
the entire procedure instead of editing. Whan the same tNng happened ag^n, she 
allowMl thtt tMehar to fix it, by erasing the Una for her. 
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TD TINA - 

1 FORWARD BG 

2 FDRUARD 45 i • , 

3 RIGHT 30 , - 

4 FQRWARb 23 

5 FDRUARD 45 
B RIGHT 90 

7 FORWARD GB 

S FORWARD 45 ' 

3 RIGHT 30 
10 FORWARD 23 
a FORWARD 45 

Figure 16,4 

With Harriet's help, Tina then §pent some time repeating her deslgr^ and making It 
spin. She never returned to Turtle Geometry activities on her own. 

If Tina had not had the possibility of using the computer to write stories, §he might 
have persevered with drawing a lot more. Her experience with the "lero" 
drawing shows that she was capable of seeing the connection between the 
commands she was giving and what the TURTLE was drawing. On the other hand, 
Tina was delighted with using the computer to write stories. This was a unique 
and special use of the computer, and she did not have to compare her work wjth 
anyone else's. Drawing with the computer may have seemed to be just another 
activity at which she was "not as good" as her classmates. 

1S.4 Tlna *8 Stories 

Most of Tina*s time and effort with the computer was devoted to writing. A 
special program, LETTER was created for her use, allowing her to type a story 
directly into the computer without having to write a procedure, or use line 
numbers or PRINT commands._TLna used the LETTER procedure to write two 
"letters" and seven "stories" over a period spanning twenty classes. She also 
starts'^d at least three more stories that were discarded before she flnlthed them. 

In her .stw^ries, Tina hoc. a product of which she could be proud. She could easily 
share copies with her classmates, teachers and family and with visitors to the 
LOGO classes. It was a unique product which could not be compared with the 
work of other students. This was very important to Tina, who war 
her work evaluated as being of M-wer quality than that of her fellow stidents. 
Most importantly, Tina was able »o ^se the computer to eKpress her ideas in 



writing and to Impreve h«r writing skills In a wiy that the had not baen able to do 
m regylar elatws or In her spedal tutffi^lar ^©^^ 

Here are Tina's nift© "stories- (as she etiled them), beginning with DORIS (class 4) 
and contlnging to MISS.HIRSH (cliss 21). They shew censlderable developmeht in 
style, sophistication In profleieney In grammar and punctuation. They are 
presented here exaotiy as Tina wrote them. 



DEAR DORIS HOU ARE YDU DOING UP IN NEW YORK, I HOPE I WILL SEE YOU IN 



TOflflY IS LITTLE BOY HE LIVE* IN JAMES TOWN FOR 3 YEARS HIS MOTHER 
DIE WHEN HIS FATHER CAME BAKE ARMY 2 YEARS AFTER THAT THEY MOVE 
TO NEW YORK AND HIS FATHER GOT MARRIED THEY HAD A LITTLE GIRL 
NAME LIZ. 14 YEARS AFTER THAT TOMMY GOT MARRIED TO A TEACHER 
ENGLISH HIGH AFTER THEY GOT MARRIED TH HAD TO BABY* 
LITTLE BOY TOMMY JR ANO LITTLE GIRL NAME LISA AFTER 
THE CHILD WERE 3 AND 2 THEY MOVE TO HOLLY UOOD 



ANN ISA OLD WDhAN SHE IS 81 YEAS OLD 

THEY H BUSTER THAT IS MARRIED TO 

A NURSe AND THEY HA TRIPLETS. THEY BE MARRIED FOR 

3 YEARS AFTER THEY COT SETTLED DOUN THAN THEY 

npVE TO NEW YORK WERE DORIS LIVES. ABOUT 5 YEARS AFTER 

ABOUT 5 YEARS THEY HAD A LITTLE GIRL SUE AND WAS PRETTIEST 



DORIS 



THE SUMMER 
LOVE TINA AND PETER 



HELEN 



DEAR HELEI 
FOR YOUF 
LOVE TINA 




TOMMY 



SONNY 



SONNY IS A LITTLE BDY HE LIVES WITH HIS AUNT HELEN IN CALIFORNIA 
HE HAS BEEN LIVE WITH HER FOR 9 YEARS. HE IS GOING TO A HOME FOR 
LITTLE WONDERS 4 WEEKS AFTER THAT TO- 

COUPLE A ADOPTED SONNY HE WAS THE HAPPIEST BOY THAT YOU EVERY 
SEEN. !, GUESS IF THAT WAS ME T WOULD BE HAPPY IF SDhE DNE UDULD 
.ADOPT./ BUT SEE I AH NOT ADOPT I HAVE MY ON MOTHER AND I AM 
GLAD THAT I HAVE MY ON MOTHER. BECAUSE THE KIDS THAT HAVE FEELS 
REALLY BAD. THAT'S WHY ALL THE KIDS' IN THE WORLD SHOULD BE 
GRATEFUL TO THEIR PARENTS. THE END, 

DONELL 

DONELL IS A GROWN MAN HE LIVES WITH HIS 
FRIEND IN NEWYORK HE BE LIVE THERE FOR 3WEEK'S 
THEY BOTH BEING LIVE THERE FOR 4 WEEKS. THEY BOTH 
HELP PAY THE RENT THgY PAY 200 DOLLAR A WEEK FOR RENT 
JIM GUESS WHAT ?WHAT I GOT FIRE TODAY WHAT DID YOU SAY- 
I GOT FIRE TODAY. WHAT ARE WE GOING TO TELL MR. SMITH 
I DO NOT KNOW WHAT TO TELL MR. SMITH ABOUT THE RENT. 



HARRIET 

HARRIET IS A LITTLE GIRL SHE LIVES OUT IN BROOKLINE WITH 
HER MDTHERABIGAIL AND HER FATHER EGBERT.SHE BEING OUT 
IN BROOKLINE FDR 11 YEARS.SHE GDSE TO A SCHOOL CALL 
WILLIAM H. LINCOLN. SHE BEING GOING THERE FOR 6 YEARS 
AFTER 6 YEARS^-SHE START GOING WITH A BOY NAME DENNIS 
COOPER FOR 3 MONTHS. 



LEUIS 

OUT IN BRDOKLiNi HE LIVED OUT THERE MR it YEARS 

2 YEARS LATER HE FOUND A JOB OUT IN NEUTON .NEUTON 

WASNT PAYING ENDUGH HONEY TO SUPORT HIM .HIS FRIEND 

HAD TOLD HI« TO GO SEE DAN WILSON. THE NEKT DAY BOB UFNT niiT tn qpf m 

"^S'n^^i "^L™ SAID BOB WHAT KIND OF 5oRrCAN?OU^^^^ fflcH 

rl nn^3/'^l^™^^ AND ALL KINDS OF THI^ .WHAT uLlO YDU U 

TO DO nOST. I WOULD LIKE TO TEACH. I THINK KIDS NEED MY HFI P U^^^ 

^-S^J^^"^ LI^E TO TEAcA IF I MAY I WDUl D [IkE TD TEACH 

MATH. AND SCIANCE. AND ENGLISH. ONE WEEK AFTER 
HE START WORK FOR LINCOLN 
BY TINA DEBORAH AND PETER 

RISS.HIRSH 

ONCE UPON TIME THERE WAS A LITTLE GIRL NAME LISA SHE LIVED w 
BRDOKLINE, SHE LIVE THERE FOR IS YEARS WITH HER MOTHER hEe^ 
WAS THE. BEST WOMAN IN THE WORLD . THAT IS WHAT HER LITTLE 
A-MLTw°iiFS^S" F "OTHER HELEN .SEE HELEN WAS NOTHING BUT 
eruSn.-\,2h° ^2 YEAR WDMAN.SHE DIDN'T CARE ABOUT LISA WENT TD 
SCHDOL VERY NASTY. SHE LOOK LIKE SHE HAVEN'T TOOK A BATH N 
6 nONTHS.AND ROLL THROUGH THE MUD. luu^ « baih 

BY TINA TO LISA HIRSH 

TinVs^«rst two stories, DORIS and HELEN, wire really letters, written to her 
godmother and mother reipictlvely. The next four were all "made up storlet 
about real people Tommy, Ann, Sonny and Donell are all Tina's relatives. The 
last three stones, HARRIET, MR.LEWIS and MIS&HIRSH were about a olassmate, and 
about Tma't regular sixth grade teachftrs. 

In thevfirst few olasses, Tina had shewn an Interest In "communicating" with the 
computer, and had been shown how to write prociduras uting PRINT commsnds. 

Starting with the fourth class a special profi^am was ertalad for her to allow her 

jLnf ^^"'P"**'"- The procedure. LETTER, 

reqMifed that Tina choose • nwne for a story, and then it interprttad each of her 
» WwrtB REQUEST. If Tina wantad to changa a line the could yse 
the ruboirt l<ey, befora she typed a carrlaga return. Other than that, LETTER had 

«?lilff»l?1??f/*^'^!L*^' ^htn Tina finishad a sto^, she typed END. which 
*hf LETTER procedure to finish defining the procedure she had named. It 



then typed out, "HEPE IS YOUR LETTER, DORIS" (for example, and ran the 
procedure, printing the letter exiclly as Tina typed it. 

J^T^ - *° - ^^"""^^^ precedure en her own. She would type 

LETTER, choose a name for her story, and begin. If the wanted to change a line 
typing a carriage return she had to be helped by thd teacher. Sometimes 
she accidentally typed a carriafe return Intending to type a rubout. After typing a 
itring of carriaie returns, she would often type END and start all oveK This was 
Tina 8 oniy way of independently editing a sloi^ procedure. 

Tina was introduced to LETTER In class four - the same class In which she made 
such a fuss about having to use a "different" computer. Her letter, DORIS, was 
first written out by hand, and then copied on the computer. At the end of the 
class several copies were printed out for her, as she carefully estimated how 
many she would needi <"One for me, one for my mother, one for Dorle (her 
godmother)," etc. In her netebook, Tina wrote. "Today me and Peter did a letter". 

Tina's next letter was HELEN, written during class six. This letter, flccempllihed in 
a much shorter time, was written to her mother. It followed the same formal as 
DORIS: greeting, question, statenient, signature. Punctuation consisted of two 
periods. 

In class eight, Tina wrote a "story* she called TOMMY. After several false starts 
she settled down to complete a seven line story, which ended rather abruptly. 
She had trouble typing the first line and used a lot of extra carriage returns 
between lines. Twice she was helped to erase the story and start again. Once 
she completed the first line successfully, she went on to write seven lines, before 
deciding she was finished. 

The story TOMMY represented a big change from Tina's previous computer writing, 
and set the tone for the rest of the writing she was to do. In TOMMY, her concern 
was not for a grammatically correct careful statement, following a prearranged 
formal. Rather she was concerned with the details of the story: the names of the 
characters, the places they lived, the sequence and timing of events. She was 
reminded not to type a carriage return until she was satisfied with an entire line, 
and she often rubbed out all or most of a line to correct a spacini or tpalling 
error. Once a line wa« finished, however, she did not ask for corrections, 

Tina's next story, ANN, ended even more abruptly. In this case, time ran eut 
before she completed it, and Tina showed no interest In adding te It it a later 
class. She worked very carefully on her first seven sentences, rubbing out ar^ 
rewriting as often as necessary, carefully checking each sentence before going en. 



Ens — mi Writini StWiea 



She fiMiiy got frwirattd In slwtini the eighth llrw, typed a lot of cirriege returns 
and ealled for help. After her mistakei had been cerreeted Tina declared the 
story flnithed, and printed out abeut 10 copies, ©f faring them to elastmates as 
weH IS ts two visiters. She appear^ to have a r«at deal of prida In her work. 

Tlna*s next »t®-y, SONNY was her longest to date - nine Unes. In writing the 
story Tina was Interests in punctuation, cheekir^ with the teacher to see If ewh 
period^ waa ^located correctly. At one point Tina asked whether she should use 
adopt" or "adopted" as a spelling. The difference In mesNng was explained by 
using each in a sentence. Tina seemed to be unable to fwiE the difference in the 
way the iMerde Munded. so that the choice was completely arbitrary to her. Sha 
decWed ts um "ad^f at that pdnt, and throughout the rest ©f the stofy. 

Tina was clearly using tNs story to express some very deep feeHngs and values 
— as well as sofM appreciation for her own parents. . 

After Tine had cofnpleted SOMNY, she was asked for some safw^ies of the writing 
she was doing in class. "I don't have time to write stories In cHase," was her reply. 
"I've got too much wwk to do," Tina's Enillsh teacher and her learNng disabilities 
teacher both confirmed the fact that Tina had done virtually no creative writing 
tNs ysar. Her English teacher expl^ned that Tina rarely completed aat work — 
pointing out that Tina's computer storlts were among her first finished pieces of 
work, 

Tina's next story, DONELL seemed to have the making of a real story with a 
definite plot line, and realislic dialogue. Once again, Tina had difficulty setlling 
down to start her story, and ran out of time before finishing it. 

After a lot of disruptive fooling around with the other kids, she settled down to 
write her story, HARRIET, which was well constructed and carefully writtea She 
paid careful attention to spelling a^nd punctuation — asking for assuranees on the 
placing of p«Hod8 at the ends of sentences, 

In class 20, Tins dictated a %iwy to her friend Deborah, who had come as a visiter. 
The rBstrfUng stery, MR.LEWIS was Tina's longest and clearest story, and had a 
mere dlrMt flow than usual in Tina's stories, Deborah typed the stoiy exactly as 
Tina dlcleied — TIrw dietated the pureutatlen as well. Her verbal dctstlon seems 
to have bem closer to standard engllsh grammar than her own typing. The story 
had a clear plot, with a definite be^nNng and endng. Tina ended the atory by 
witiBi W TWA mmkh AND PETE^- ^ter thinking for a few minxes about 
h0w to tiMre the credt 
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Tina's last story, MISS.HIRSH, was written In only 20 minutfls. She typid withoul 
any slgnificanf^ errors or false starts. She wis partlcularlly coneerntd about the 
location of periods, and the use of apostrophes in DIDNT and HAVEN'T. (She knew 
where the apostropes went, but wanted to have that confirmed by the teacher.) 
After finishing the story, Tina said with a gleam In her eye "Mias Hirsh can take a 
joke," 

1 6.5 Some Possible Re asons fer Tlna*fi Sueeess in Writinff 

In a meeting held after the end of computfr classes, Tina's En|lish teacher said 
that Tins had begun making a significant effort to complete asRignmenti and turn in 
work. She said that Tina's computer stories were the first completed work that 
Tina had turned In this year. 

After consulting with Tina's teachers, some tentative insights can be offered about 
why Tina was able to accomplish sb much writing In the LOGO classes, while she 
has been unable to accomplish much writing in either her regular classes or with 
her language tutors. 

Tina Is a fanatic about completing work without errors. When an error occurs In 
Tina's normal work, she tears up the paper and throws It away. Sines she never 
examines her errors, or tries to learn from them, errors are seen by her as a total 
disaster. Using the computer, she was able to rubout many errers as they 
occurred without destroying all her work up to that point. In this way she could 
be satisfied with her finished product. Once she declared herself "finished" she 
never looked back to see if there were any other errors. 

The printed computer output Had a "professlonar quality that looked more polished 
than other children's writing. In addition, she could have as many copies as she 
wanted at no extra effort — which could bring her positive attention from frlerwls, 
family, and several different teachers, all in the same day. 

Tina seams to feel extremely sensitive to ahy "correction" of her work whether 
direct or implied, This Is confirmed by her abhorance of "errors". She was not 
corrected or criticlsfd while writing, and the tiacher's assistance was confined to 
answering ^ questions about spelling and punctuation. Therefor^ since Tina had 
worked hard to make ner work "correct" and since It looked "professional " Tina 
assumed that it was correct, and was very proirf of it. 

Tina knew that her work was unique among the kids In the compyter classes. Just 
as only Tina used the computer she called "PETER", only Tina could use the 
LETTER procedure to write stories. Thus Tina could feel that her work was at 



least as g eed m the ethsr itudtntt* werk. TIm \m pwely had tht opportunity to 
leel tM 4Mut htr vverk. 

l-S.C. TlfwV^facW Bahivief DurtnE LOOQ ClasMi 

Just as Tma's ■relationship" with Ihs computer was of the utmost imporlance' to 
her, she also placed a high premium on her personal relationships with the people 
around tier. At first Tina had a freat deal of sensitivity about being observed by 
adults In the classroom. She was particularly concerned about observers who took 
notes, and «hB would Kca^onally ask them what INy were wriling about Tina 
nwde m -pofirt «f Introdu^g heneH to all the visitors who came at different times 
to •sfetofve the classes, and of establishing a definite relationship with ar^ who 
cann more tNm once, 

Tina inslstsd that she be notieed. When she canw to class late, she weuW often 
g'^ ff >h«rt loudly In a powerful voice as she wallked In the door. If a visitor was 
pr«#nt, howevof, she would quiot suddenl}f In embarfissment During any 
class she might cell loudly across the room to a tticher, vislior or a eiasamate. 

At itms, Tina could be quite manipulative — espetlally when she wanted help. 
She could be loud and insistent callini across the roatn for assistance, and a few 
minutes later rebuke another child for "Interruptlni" She often corrected other 
people's behavior, saying that some action, or omrsslo/i was ■rude", or "sloppy". 
This was usually done in a somewhat cheerful, "motherly" tone that had only a 
sligttt widercurrent of hostlilty. 

In her relations with her classmates, Tina adopted a "breezy," somewhat teasing 
style, characterlied by a cheerful good humor. Occasionally this "breezlness" got 
out of control, and became disruptive and rowdy, Including chases around the room, 
Wtting and hair-pulling. At such times, Tina had ■ very difficult time settling back 
Into appropriste class behavior. 

Ai other times especially with visitors present — Tina would be ejclremely 
qyiet, poiitfl md demure. It was m If she had two sets of rules — one for serious 
trthavfof in public — the other for playful behavler In private. As the elaises 
«vent on, It mm cleaMhat Tina considered the LOGO classroom as a ■private" 
^taoe, whwa ahe was armng Iriands •nd veuld be her playful self. 

At first Tina was tolirated, •omewhal uneasily by the other kids. Gradually, 
W«w4e* «bJ ©wmis became flujte InvolyBd with l»r playfulness, and rtwerfyl 
^wrtertng. il^H ef the timi they seemed to enjoy the distraction she provided, 
end ^wari her to provl* an excuse for letting their own playfulnest emerge on 
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occasion. 

Harriet bicam© quite protective of Tinii sticking up for her on occasion, as well is 
helping her with her work from time to time. Tina coniulled Harriet frequently 
about spelling and punctuition. Harriet tpent a lot of one class period helpini Tina 
type a TURTLE procedurei and showing har how to y^e the SPIN oommand 

Tina look a lot of interest in Harriet and Dennis as a "couple% teasing them 
regutarly about their friendship. She wrote their "relatlonihip" Into her story, 
HARRIET, and spent a good deal of one class period watohing them play Dynaturtle 
games together — commintlng regularly, not on their dynamic strategies, but on 
their personal interchinges. 

Harriet" s Interest in Tina was evidenced outside of LOGO clasiti as well One of 
Tina^s classroom teachers reportid that ths had moved her seat in class to be 
near Harriet and her group of friends. In becoming accepted by them, she had 
moved from virtual 'Isolation Into the core of the olais, sooleliy^" Her teacher 
attributed thig to the relationihip Tina developed during the LOGO elasses and to 
the feeling of suceess the has had with her computer work 
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